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ABSTRACT 


With the implementation of NISITARS and NAVADS which provide 
the Supply Centers with state-of -the-art automated ware- 
housing, material handling, and dsdcument processing, the 
Navy has the real-time information and warehousing assets 
necessary for the developnent of an optimal i15cal delivery 
distribution plan which will improv2= supply support to all 
Supply Center customers. Essential t5 the development of an 
optimal local delivery distribution plan is th2 development 
of an information base tt) usé as 2 measurement standard. 
This study analyzes Naval Supply Cénater, San Diego's local 
delivery system with the intent of determining onload and 
@eeewoad t2mes EOD unit pallet ioads, driving transit timss 
to each customer site, ani the volum2= of material delivered. 
The resuits of this analysis nay then serve as a data base 
for the deveiopment of a truck sctheduling algorithm to 
Optimize personnel and local delivary vehicle assets. 
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I. INTRODUCTION 

From April Woy 5S. st} March 1978 a DOD Material 
Distribution System (DODMDS) study was performed with the 
purpose "to conduct an examination of the current DODMDS and 
resommend improvements wiich will support the Services! 
requirements effectively and economically in peace and under 
mobilization requirements" [{Ref. 1:p. 1]. Specifically, ths 
study was to analyze and Jdsternine: 


1. the sources of mat2rial delivared to the distribution 
systen, 


2. the, location and operation Greene wwdieser Dut On 
facilities, 


3. the customers servei by the system, 

4. tne transportation links, both commercial and govern- 
eel apee: ee eoeprect..* ER weticteMe Coneroen a eluding 
overseas customers f Ref. 2s De Qilic 

In this author's opinion, thr22 significant programs 
have taken place, or ar2 in the odrocess of being imple- 
mented, at the Navy's majoc stock points in Norfolk, Oakland 
and San Diego aS a consequence of the DODMDS study. The 
first is a CNO directed transfer of the management and 
administration of the wholesale material function of the 
Naval Air Station (NAS) located in the geographical prox- 
imity to the Navai Supply Center (NSC). By combining the 
wholesale material functidn, econonies could be achieved 
with personnel, equipment, and mat2riai assets. The Navy 
accomplished this transfer under the Shore &stablishment 
Realignment (SER) restructuring action [Ref. 3]. 

The second significait action is the installation and 
implementation of the Navy Integrat2d Storage and Retrieval 
System (NISTARS). NISTARS is a mnajor component of @ ware- 


house mocernization plan and is presently being installed at 
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the three major Navy stock points. Nowa so2ate-CrLr-the-art 
automated warehousing system, it will bea major step in 
meeting the DODMDS objective of "supporting the Services 
requirements effectively and econonically". The stated 
objective of NISTARS is =e T= toreaso PrOGUuUCtTIVItyY by 
reducing the amount of naaual labor and to increase respon- 
siveness of the supply centers to the routine and emergency 
requirements of the U.S. Navy fleet" [Ref. 4:p. 1-1]. 

The third significant program is the implementation of 
tha Navy Automated Traaspertatid2 Documentation System 
(NAVADS). NAVADS is an automated management control, plan- 
Ning and documentation system designed woe Laci! rcave 
effective processing of material requirements from start of 
supply center processing t> the delivery of the material to 
the consignee. Interfacing with ths Uniform Automated Data 
Processing System ~ Stock Point (JADPS-SP) and NISTARS, 
NAVADS will provide management with increased control over 
shipment planning, consolidation, documentaticn and alloca- 
tion of resources through VEstipiiaey or his delivery 
requirements. 

With the expansion of the responsibilities of the Naval 
Supply Centers to inciaie wholesale support previously 
provided by the Naval Air Stations and with the implementa- 
tion of NISTARS and NAVADS which provides the Supply Centers 
With state-of-the-art automated warehousing, material 
handling, and document processing, the Navy has the real- 
time information and warshousing asssts necessiry for thse 
development of an optimal local delivery distribution plan 
which wiil improve supply support to all Naval Supply Center 
customers. 


We 





A. PURPOSE 


Dice remap Ose OL this th2=Sis is t5> conduct a study of the 
local delivery distribution systen at the Naval Supply 
Center, San Diego (NSCSD). Essential to the development of 
an optimal local delivery distribution plan is the estab- 
lishment of an information base t> use as 23 measurement 

manderd. This study will include 2 material flow analysis 

@e the cutrent local distribution system from NSCSD to the 
local customers with the inten* of determining onioad and 
MeelOad times Torwunit pallet. loads, driving transit times 
to each customer site, ani volume of material delivered to 
each customer site. Ta2 results of this analysis will 
provide times for each of the various elements of the local 
delivery function which will be us?q as a data base for the 
development of a truck scheduling algorithm to optimizes 
personnel and local deliv2ry v2nicle assets. 

A Similar study was conducted by Allion and Tufts of tha 
local delivery system at the Naval Siapply Center, Oakland to 
detezrmire the distribution of travel tines, the time to 
perform non-travel functioas, such as loading and unloading 
of material, and the average costs of delivery to ths 
various customer sites [R2f. 5]. Beara, as a complement to 
this study, Eller and Moore conducted a pre-consolidation 
study of the NSCSD locai izlivery system in which they iden- 
tified the local customer base and the volume of business 
each customer generated by an analysis of requisitions 


processed {Ref. 6]. 


Be. METHODOLOGY 


A field trip was tak2a to NSC San Diego to familiarize 
the author with the current local iistribution system and 
the operating environment. A tield trip was also taken +9 
NSC Oakland =o acquaint th2 author with the NISTAR and NAVAD 
systems being installed. | 
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A review of pertinent literatur= was made and included 
NSCSD local delivery procedutes, management reports and 
studies, NAVSUP and FMSO functional descriptions and inter- 
face requirement Statements, other automated v¢hicie 
scheduling (AVS) prograns, and Navy Postgraduate School 
theses pertaining to the subject are:3. 

The data analysis concentrated 212 the data contained in 
NSSSD's Local Delivery Individual Production Reports (NSC-SD 
5200/20) and Daily Dispatching Recoris (11IND-NSC-4640/4) for 
Pie month of July 1982. Reports for July were selected in 
order to provide the most recent iata for analysis. Thes2 
reports and records documented driver utilization, transit 
times, and the number of pallets delivered. A statistical 
analys:s was then conducted of this aggregated data +9 
Gemermmine tne distributisa of drivar utilization times and 


volume of material delivered. 


C. THESIS ORGAN IZATION 


Chapter I has presented the purpose of this thesis as 
well as the methodology enoloyed. Chapter II describes the 
cuszene local distribution system and Macteriai flow 
Chapter III describes NISTARS and NAVADS, the requirement 
P@mmdee@cal vehacile scheduling algorcitnm, and other truck 
scheduling system employ2i. Chapter IV presents the data 
generated from Pe ndavadiia le PErSducti or Reports and 
analyzes this data to determine transit times, pallet onload 
ani offload times, and volame by customer sites. Chapter V 


presents the summary and recommendations. 
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II. NSC SAN DIEGO'S LOCAL DELIVERY SYSTEM 
The purpose of this chapter is to describe the NSC San 
Diego local delivery system. After 2 brief functional over- 
view, a description of th phySical facilities, eguipment, 
customers, delivery scheduies, and procedures is provided. 


A. BACKGROUND 


The Naval Suppiy Center, San Diego, has as its mission 
"to provide supply and support services to assigned fleet 
Umets and shore activities" [Ref. 7:p. 1]. AS the major 
Stock point in the southern Caiifornia region, it is respon- 
Sole for the material ani Logistic support for fleet units 
located in the San Dieg> and Long Beach areas and ashore 
activities at NAS Miramar, WaomeOGen island, Naval 
Amphibious Base Coronado, Samp Pendl2tcon, submarine suppor+ 
facilities at Point Loma, Naval Training Center, San Diego, 
ani Marine Corps Recruit Depot, San Diego. 

NSCSD is located in five separzte physical locations. 
Each of these locations parforms unijyuse functions within tne 
scope of the supply center's operations and each has its own 


material distribution requirements. 


Broadway Compound functions as the administrative 
center and the warehousi1jg sit2= for all binnable material 
(except that aviation peculiar which is warehosused at NAS 
North Island Annex), froz2n and chill provisions, and some 
bulk material. Pm ddGger any Galiistnia-~ Tee (CAL ICE), a 
conmercial firm under contract to th supply center to stores 
fresh fruit and vegetables, is located approximately one and 
a hal=t miles southeast of the Tompound. 
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2. National City Annex (NZA) 


Because of its location adjartent to the piers, NCA 
is the staging area ani consolidation point for fleet 
support. It is also the warehousiny site for dry and non- 
perishable subsistence and bulk storage. With the 
completion of the NISTARS warehous2? modernization project, 
all of the warehousing presently at the Broadway Compound 
Will be transferred to NCA. 


3. North Island Anne 


North Island Annex furctions as the Aviation Support 
Department of NSCSD and is located at NAS North Island. lige 
is the warehousing site for wholesale aviaticn binnabdie and 
bulk material as well as the supply support activity for the 
Naval Air Rework Facility (NARF) North Island. 


4. Point Loma Annex 


Point Loma Annex functions as the supply and distri- 
biteon point: ror bulk petroleum products. In this capacity, 
it has a negligible effect on the local delivery system for 
Broadway Compound and NCA and will not be considered in this 


analysis. 
5- Long Beac 


Long Beach Annex is locatad between th2 Long Beach 
Naval Shipyard (LBNSY) and Long Beach Naval Staticn. iat 
functions as a warehouse site for storage of repairable 
material for which LBNSY is the designated overhaul point 
and also stocks material frequently used by the shipyard. 
In addition to the warehousing function, it also provides a 
SERVMART and central reseiving area for the ships and Shore 
activities located at the Naval Station. Other than the 
SERVMART support, all other material support is provided 


/ 





from NSCSD Broadway Compound and NCA. For purposes of this 
study Long Beach will be treated as a customer of the 
distribution system of the Broadway Compound and NCA. 

Since Broadway Compound and National City Annex are 
required to provide material support to all of NSCSD'‘s 
Customers, whereas the other NSCSD locations have special- 
ized support functions, the Broadway Compound and National 
City Annex local distribiation systan will be examined in 


detail. 


Be. PHYSICAL LAYOUT 


The physical layout of NSCSD has 2 Significant impact on 
the local distribution system. Having warehouses dispersed 
between two areas constrains the ability for load consolida- 
tion, necessitates double handiing, increases intra-supply 
center transfer of material, and conplicates any attempt to 
develop an integrated distribution system. howe wore fully 
understand the complexity of this problem, NSCSD's Broadway 
Compound and Nationel City Annex physical layouts aré 
described in the followiny subsectioas. These descriptions 
are intended to complement the information provided in the 
Senay conducted by Ellec and AO Ore ee cane pre- 
SGeqscolvdation analysis of NSCSD's material distribution 


system {Ref. 6]. 
1. BROADWAY COMPOUND 


The Broadway Compound is situated along the water 
front in downtown San Diego. Suppdae Center functions 
performed at the compouni include: receiving, material 
storage, data processing, inventory zsontrol, adninistzration, 
local delivery, and losal jelivery central dispatching. 
Table I displays by building number the amount of storage 
space available and the type of material stored. Figure 2.1 
is a map of the compound. 
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TABLE I 
BROADWAY COMPOUND WAREHIUSE FACILITIES 


BLDG STOR AGE MATERIAL 
NUMBER AREA (sq ft) STORED 
1 oy 200 Bulk storajy2 of active items. 
Pallet rack and bulk storage 
9f inactive items. 
Deen eiedulanr UWI. Dalleat rack 
storage of medical supplies. 
6 10,300 Bulk storcaye active items. 
Ban and pa econ ags of 
inactive itens. 
i 13,178 Freeze and chill provisions. 
8,000 Flamnable naterial. 
. 10 13,916 cleaning sapplies and 
hazardous naterial. 
4/11 13,440 Local delivery. 
dater carg> storage. 
Packing ani Seog eag acea. 
Bulk storages 
‘12 103, 126 Bin and moiular palis Der ack 
storage 2f active items. 
ve 5 Toys 22 Bulk and og a Dey rack storage 
mr Ortic= Pe aoe misc. items, 
and SpeOnol cker 


Ene f£1rst peoor o£ Buiriding 12 houses the céentral- 
ized receiving and staginy operation for the Supply Center, 
and the second floor serves as t22 SERVMARI centralized 
receiving area. iewscomnd  f£hos5 92 j%Buitiding 11 is the 
packing area for Building 12, and th2 first floor houses the 
staging and shipping operations. 

With the exceptioa of frozen provision issues from 
Bimeldines 7 and 9, most bulk material is staged in the 
compound area adjacent +t) the respective storage sites and 
than transported to the piar staging area in Building 11 by 
straddle truck or by eae bulk material handling system (BMHS) 
transporter. (The material handling equipment employed in 
the local distribution system is described in more detail in 
a later subsection.) 
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Binnable material is transported from Building 12 to 
the Building 11 packaging area by means of an automated 
material handling system (AMHS). [This AMHS consists of a 
tote pan conveyor system which automatically queues «ha 
cojed tote pans for consolidation and packaging. Upon 
compietion of processing by the obackaging s2ction, =he 
material is consolidated and then transferred to the pier 
Semoung area by freight elevators or forklifts. This 
Material is further consolidated with the bulk material 
delivered from the other warehouses in the compound and 
staged for loading onto vans and trailers for delivery to 


customers or NCA. 
2. NATIONAL CITY ANNEX 


National City Ann2x (NCA) is located at the 32ND 
Street Naval Station, approximately four miles south of tha 
Broadway Compound in the northern part of National City. 
NCA's primary function (75% as measured by volume of requi- 
sitions) is the Support of the fiest Located at the piers at 
the 32ND Street Naval Station. These piers are located 
Within one and ahalf miles of NCA receiving and delivery 
sections located at Building 70. 

In addition to the fleet support, NCA provides 
material and logistic support to all Naval Station shore 
activities including SIMA, SUPSHIPS, SERVMART and PWC, and 
to other NSCSD customers located in the southern California 
= LO fl. Table II displays by building number the amount of 
Storage space available and the typ2 of mat¢rial stored in 
each. Figure 2.2 is a nap of the annex. 

Building P-014 in Figure 2.2 is the high rise ware- 
house with the automated storag=2 crane retrieval system 
(ASCRS) Which has added approximat2ly 11,000 pallets of 
adiitional storage capacity t> Building 66 for bulk pallet 


storage of dry provisions and clothiag items. Not inciuded 
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TABLE If 
NATIONAL CITY ANNEX WAREHOUSE FACILITIES 


BLDG STORAGE MATERIAL 
NUMBER AREA (sq ft) STORED 
63 26,843 Pallet rack and buik storage 
See Otten y ARG OVEEELOW non 
perishabi2 subsistence. 
64 15,099 Metal items. 
65 27,0 00 Bena ales EOs outbound cargo. 
Wen Oacking Dranch. 
66 3) 15 se) PryeDieGwest ons and buik clothing. 
67 24,952 Pallet rack and bulk storage of 
non-perishable subsistence. 
68 27,456 Baliee Tack and bulk sto#age of 
NOn-perisnhadle subsistence. 
69 26,496 Pallet rack and bulk_ storages of 
Seusceuert ion Material. 
70 DAL Oo Receiving and Locai Delivery 
Spent e2on for NCA. 
279 2 Bras 72 ATiseepa  slAP material. 
280 S710. 37 NRFI MTR*s, wire, cable and gasés. 
317 a, 1 20 PWRS pallet jacks and acid. 
319 De 0 20 Packaged petroleum products. 
Bee 2 44.026 Ree a Dee ee Os hing smevassi fied 
Se pecrw2G PUbLITECATICnRsS, and 
Dnotographic items. 
P-033 180,000 Binnable ani pallet rackable 
naterial (proposed). 
P-035 5250 00 Hazardous and rlammablea 
naterial (pcoposed). 


meeriduee 2.2 is MILCON Building P-035 which is scheduled to 
become operational late in calendar year 1982. This ware- 
house wiil consist of 32,300 squar2> feet of hazardous and 
flammable material storages. It is intended to be the ware- 
housing site for that material presently stored in Buildings 
Emeendqmppar~. Of: 0 and 125 at Broadway Compound. The 
building, annotated as P-033, is th2 high rise warehouse 
that will be equipped with NISTARS. It is intended +t9 
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poovide storage capacity for BS,,000 binnable, 228°,.509 
trackable, and 3,500 non-rackable itens. When completed, it 
will warehouse the binnable, rackable, and thea majority of 
the bulk material which is presently being stored in 
Buildings 1, 10, 12 and 125 at the Broadway Compound. 
Building 70 is the central receiving point and 
staging area for delivery of naterial at NCA. Except for 
frozen and chill provisions which are delivered directly 
pizrside to the ships, incoming material from Broadway 
Compound and from the North [sland QUICKTRANS terminal is 
consolidated and staged at Building 70 for delivery to «he 


customers. 


C. EQUIPMENT 


For purposes of this study, local delivery equipment is 
classified as either materiel handling equipment or motor 


carriers. 


1. MATERIAL HANDLING EQUIPMENT (MHE) 


Since the unit load is placei oon the standard 40 by 


48 inch wooden pallet, the MHE employ2d at Broadway Compound 


and NCA for material delivery are forklifts, straddle 
trucks, and BMHS transporters. The forklift 15 used exten- 
Sively at both Broadway compound 2242 NCA for loading and 


unloading of the motor carriers, relocating pallets, and 
Beeitiomeng Of Dalleé=s t> facilitat> handling by the other 
MHE. ie es laemaced, howsver, in its ability to carry only 
on? pallet (or two if double stacked) of material per trip. 
Therefore, tne forklift is most effective when used for 
short trips in and around the warehouses, staging areas, and 
Shipping and receiving ar23s. Forklifts ar2 also provided 
to the ships to assist in offloai of van deliveries of 


Material from Brcadway Compound or CAL ICE. 
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The straddle truck is anoth2r individually powered 
MHE which is used extensively at Broadway Compound and NCA 
for the handling of palletized material. When compared to 
Maem tOgartift, the straijdle truck is not as flexible or 


versatile. However, Vaielts capao1 lity ©© Carry up to 
seven pallets, it ais used primarily for making intra- 
compound transits. At the Broadway Compouni, Straddls 


trucks are employed in ralocating palletized material from 
the various bulk warehouse staging areas to the Ilocal 
delivery staging area in Bailding 11. At NCA the straddles 
truck is also used for th2 relocation of material from the 
bulk warehouses to the delivery staging area. iG addi t=on- 


it is the primary means of delivery of material to the 
a 


}-—~ 


fleet, and other customers, located at the 32ND Street Nav 
arc ON. By eliminating the requirement to diduble handle 
tha material in loading ani unloadinjy operations, forkiifts 
are not required, and loading/unioading times are minimized. 
With its capability to carry up t) ssven pallets per trip, 
to self-load and unload, to travel relatively fast and to bs 
relatively maneuverable, 2 straddls truck is well suited for 
the relatively long transit deliveries from the warehouses 
to the snips andthe other activitizs located at the Naval 
Station. These trucks are, however, not authorized to 
travel on public highways and are limited to on- station use 
OMY There are three straddle tracks in us? at Broadway 
Compound and four in use at NCA. 

The BMHS transporter, re 
Chapter, is used to supplement the straddle trucks in trans- 
porting pallet urit loads. Temse Cavayle of carrying 2 
maximum of twelve standard paliets, 51x per sida. When used 
BecoOngumetr2on With roller conveyors, it provides an alter- 
native method *o moving . pallets the relatively short 
distances requiréd betwaen Buildings 11 and 12 at Broadway 


Compound. However, because of the age and material 
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Sendition Of che two BMHS transporters and the fact that 
NSCSD has not invested sufficient resources in order t9 
ensure efficient operational reliability, they are inclined 
+o mechanical failure. Ine unit is presently being canni- 


balized in order to try to keep the »sther unit sperational. 
2. MOTOR CARRIERS 


The primary mode of local material delivery from 
feesSD =O OfE-Station customers is th2 motor carrier. Trucks 
and trailers used are obtained from twd sources: commercial 
hire or rental from the Public Works Center. Prior to May 
1979, NSCSD depended exclusively 90 its own personnel and 
equipment assets to haul transshipments and issues for local 
delivery and intra-supply center movements. However, in 
1979 a NAVSUP Inspector G2neral (IS) inspection team docu- 
mented a problem of matérial loss and poor response times 
Which were attributed to the large dacklogs that existed in 
the local delivery syst2a2n due i1 part t9 insufficen* 
staffing (ie. Sealing point Constraints). As 2 result, 
NSOSD received authorization from NAVSUP to utilize commer- 
cial drayag2 as a supplement +> Navy assets [Ref. 8]. Since 
receipt of the authorization, contracts have been in effect 
With commercial firms +t9 provid? drivers, tractors and 
trailers to augment NSCSD assets in performing schedulesi 
deliveries. 

For the trucks ani trailers cented from PWCSD, NSCSD 
provides its own drivers, schedules routine maintenance, and 
provides the fuel +0 operate then. Table III lists thos? 
motor carrier vehicles and equipment employed t Broadway 
Compound and NCA. 

Deliveries of chilli and fresh provisions from CAL 
Ice and frozen provisions from Broadway Compound Building 7 
ar2 normally conducted by 4$0 and 42-foot vans. Deliveries 


of GSK (general stores) type material is normally performed 





TABLE IIIf 
LOCAL DELIVERY VEHICLES 


NAVY VEHICLES 
(rent2i from PWCSD) 


TYPE ITY 
mack, i/2 on Pickup 8 
meuek, 5 Oh Van . 1 
males, 5 tOneRerrigerateli Vin 1 
Lollekeew2el/72 COh Stake 1 
Mauck, ~ 1/2 ton stake 1 
Teact orn, S ton 5 
ieeeGeOm, 7 17/2 ton 3 
ieaceonrm, '|0 ton . 
U Sle) 2 igs 1 
Nan, 40 Gt. 3 
Mango t2 et. Z 
Rectwicr, 40sec. Flatbed 2a 
Eoatler, 3> Et. Lowboy 1 
Pratie Gea S ft. LOWbDDY 1 

GOR ERS TAL VEHICLES 

TYPE Oy 
medGeOm, Iel/2 <on uy 
Trailer, 42 ft. Flatbed 4 
Stake Truck, 2 1/2 con 2 


Geeng =7e 40 and 4Y2=fo5e flatbed tc2zilers except for piar 
deliveries to fleet customers. GSK pier deliveries ars 
delivered to NCA Building 70 and staged for straddle truck 
delivery. 

When issue time dsiays are acceptable, less than 
truck load quantities are stag2d and consolidated with other 
intra~area shipments at the supply center's respective ship- 
ping areas. Smaller tracks and vans are used when the 
rejguisition Issue Group necessitates immediate delivery and 
deliveries are less than pallet unit load. Examples of this 
are CASREPT, Hot Line, classified material, and Signature- 


service-required deliveriess. 
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The carrying caparity of +13 equipment listed in 
Table III varies according to vehicl2= size. In general, the 
32, 40 and 42-foot vehicl2s can carry 14, 18 and 20 mneasure- 
ment tons or single stack2d pallets. This is based or the 
assumption that the standard 40 by 48-inch pallet loaded 
with 40 cubic feet of matarial is eyual to one measurement 
Oy. eae two iowboy trailer JeCuenems COntsguced for 
Carrying pallets and aré used primarily for hauling out- 
sized cargo. 

All of the motor sarri2rs are equipped with two-way 
radios with sufficent range that tha dispatcher can contact 
them at all activities exzept Long B2ach. The commercial 
Carriers are provided with hand- held walkie-talkies. BY 
requiring the drivers t9 report to the dispatcher periodi- 
cally, the dispatcher is able t9 monitor their progress in 


the delivery route and modify the route if required. 


De. CUSTOMERS 


Romene TajOr Navy StOsk point in the southern Caiifornia 
region for retail and wholesale logistic support of fleet 
and Naval shore activiti2s, NSCSD has a potential of over 
800 iocal delivery custoners. MMiawiawhon “of the supply 
centers demand history fil (DHF) tapes by Ellar and Moors 
Meeultea 21) the identification SF 352 local customers of 
Which 188 were shore activities and 164 were afloat commands 
(Ref. 6:p. S7)J. Most of these activities are located within 
the confines of military reservations. The afloat units are 
concentrated at either 32ND S5treat Naval Station (smaller 
Surface ships), NAS North [sland (carriers and LHA's), Point 
Loma (Submarines and submarine tenders) and Long Beach Naval 
Seat 1 One Aviation units when not attached +> a ship ar 
located at Naval Air Stations at North Island or Miramar. 


Training units are locatei at the Naval Training Center, San 


27 





Diego. Submarine support units are located at Point Loma; 
aviation support units at North [sland; andi amphibious 
support units at Naval Aauphibious Base Coronado. Marine 
units are located at Marine Corps Recruit Depot and Camp 
Pendleton. 

Table IV lists the major customer concentrations and the 
distance in highway miles to these sustomers from Broadway 
Conpound and NCA. The iistances listed are based on highway 
Mileage of the most direct route from Broadway Compound or 
NCA to the central receiving building of the major customer 
of each geographical are3. Thus, the distances shown in 
Table IV may not be accurate for all activities located in 
that area. The actual distance to any one activity will be 
dependent on that activity's proxinity to the designated 
major customer for that area. An analysis of Local Delivery 
Individual Production Reports indicated that the average 
translit time between activities witain a geographical area 
was appreximately five minutes. For purposes of developing 
a vehicle scheduling program, a five-ninute transit time for 
multiple deliveries to a geographical area will be assumed 
for all activities except for vagaries as noted in Chapter 
4. 

The distance betwee. NCA and Broadway Compound is 
approximately four miles if the most direct route south on 
Harbor Boulevard is tak2n. However, the route most 
frequentiy used, because it avoids tha city traffic conges- 
wmen ane’ *trafficePights, . is whe expressway, 1-5. This 
distance is six miles. The difference in transit times 


between the two routes is negligible. 
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TABLE IV 
MAJOR CUSTOMER CONCENTRATIONS 


ACTIVITY Bipot c 6 

BRIADWAY CPD ea 
Naval Station Long Beach eZ 116 
Camp Pendleton 38 42 
NAS Miramar 13 Ney, 
Point Loma 5 9 
NTC San Diego ls 8 
NRMC San Diego Z 6 
NAS North Island 7 6 
NAB Coronado 7 6 
Imperial Beach 13 9 


E. DELIVERY SCHEDULES 


In the issue and movement of material, it is necessary 
to identify the relatives inportanc2 2f competing demands for 
logistics systems resourtes. The Navy accomplishes this 
through the DOD Uniform Material Movement and Issue Priority 
System (UMMIPS). ie PEesOLrityewor 2 Eequ2sition is déter- 
Mined by the urgency of n2ed for the material (UND) and the 
requesting activity's assigned Forse/Activity Designator 
(F/AD). AS a guideline, cequisitions with priority designa- 
tors 01 through 03 are referred t5 as Issue Group (IG) 1 
reyuisitions. Betsy a requisition to qualify as an IG 1, the 
requirement must be immediate, and without the material, ths 
activity is unabie to perform one 25 more of its primary 
missions. Requisitions with priority designators 04 through 
08 are IG 2 reéguisitions. For these requisitions the 
requirement is immediate, but the activity's mission is enly 
impaired. Requisitions with priority designators 09 through 
15 are routine and are ceferred t959 as IG 3. Table V 
displays the relationship between th priorities assigned to 
the requisitions and the UOMMIPS time standards [Ref. 9}. 
These time standards reoresent the cumulative number of 


calendar days normally required for the functions listed. 
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TABLE ¥ 
UMMIPS TIME STANDARDS (Days) 


TIME STANDARD FOR 
CONUS “SHIEPOENT 


FU NCITION BY PRIORITY DESIGNATOR 
01-03 I4-08 09-15 
ae Requisition submission (Note 1} 1 1 2 
be Availability determination and 3 4 13 
storage site processing (Note 2) 
Ge itansportation hold time and 3 6 13 
imtbansit time to reyuisitionser 
(Note 3) 
a. Receipt take up by requis- 1 1 3 
itioner (Note by 
Total 8 12 31 
Note (1) Réquisition submission tin3 ae that peryiod from 
tm “Gate of the requisition t5 the dat of receipt of the 
mege2sitzon by the stock point. 
Note, (2), Availabilit d=sterminatisi and storage site te 
céssing is that period from the date of receipt by the s 5ck 
point to the date that th material is made available tc the 
BemiapeOreatlOn Officer. [This i1ncludss packaging and packing 


tine 

Note (3) Transportation, hola tine is_ the Soc 2. Om the 
date that the material is made available to the Transports 
fas CO ntacer Until the date of receipt by the CONUS activity. 
This includes time required for containerization an 
consolidation. 


Home” Sh Ges take-up time extends from the date of 
Beeion aie material at the destination, until the date 
that ay nea is recoried on the regquisitioner's inven 


mommy seecrdas. 


Monthly a transportation hold time report is generated 
as a measure or effectiveness of Siew slhaanspostat zon 
Department. For a stock ds9int to be 100% effective it would 
have to deliver the material to the customer within the 
UMMIPS established time frames for each requisition. 
However, the resources r2quired t5. accomplish this may be 
cost prohibitive or tesult ina highly effective but ineffi- 
clant operation. When tuere are only ilimited resources, 
such as manpower, vehicles or ¢quipm2nt, there needs to be a 
balance established betwe2n efficienrty, when the material is 
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delivered at the least cost, and effectiveness, when the 
material is delivered within th minimum OMMIPS time 
standard. 

In order *o minimize the cost of trucks and drivers and 
still meet the establishei UMMIPS tins standards, NSCSD has 
developed a weekly delivery scheiul2 to its customers to 
satisfy their routine requirements and 432 HGae, Line, 
OQuick~Pik, and Hot Ship services to meet their urgent 
requirements. 

The Hot Line Service processes IG 1 reguisiticns with 
the goal of delivering th> material to the local customer 
Within twenty-four hours (excluding weekends) after issues 
from the warehouse. The deliverizts are accomplished by 
either two pickup trucks or NCA straidile trucks. Depending 
On zone delivery schedul2s, trucks hauling low priority 
material may also deliver Hot Line nateriai to customers. 
Hot Line material for Long Beach area customers is delivered 
daily to the NSCSD Long Beach Annex. 

The Hot Ship Service if: a program to provide daily 
delivery service to those ships in the San Diego or Long 
Beach area that are scheiuleid t2 deploy within fourteen 
days. 

Phew, Ouiek-P2k Serviss is 2 pregram developed for 
processing high priority requisitions (priority 01-08) which 
the customer can pickup at NCA Builijiing 306. It orovides 
the customer with overnight service thus minimizing the 
disruptive effects of processing bearer walk-thru requisi- 
tons. Quick-Pik issues are delivered daily prior «+o 1300 
to the pickup area. 

Although most local isliveries are based on a weekly 
schedule, th2 actual number of trips and the times vary with 
the volume and priority of material to be delivered. This 
wezkly schedule can be divided ints two generai categoriss. 
These categories are described in dJ2tail by Eller and Moors 
fRef. 6:p. 69-75], and are summarizei below: 
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1. Scheduled, Dedicated Mfrips. Those trips where 
both the frequency of delivery and the time when 
trucks are to dapart from the Supply Cénter are 
published in advance. Table VI lists these trips 
by their frequency, departure times, destination, 


and type of cargo. 


TABLE VI 
SCHEDULED, DEDICATED TRIPS 


FROM BROADWAY COMPOUND 


F REQ Tis DESTINATION CARGO 
Daily 0330 ae Beach Annex GSK 
Daal y 0830) NAVSTA SERVMART GSK 
Daily 0900 NEA sidg 65 GSK 
Daily 0909 WeaAwotag 70 for fleet GSK 
Daily 0930 NCA shore activities GSK 
ree? 040) Long Beach WNAVSTA FRZ/CH 
byl 0 big 


FROM NATIONAL CITY ANNEX 


DaeuLy 0800 Bric aHay compound GSK 
Daily 1009 VE OUsekt rans GSK 
Daily 1300 NI Quicktrans GSK 


2. Semi-Scheduied, Dedicated Irips. The frequency of 
these deliveries is promulgated in advance. 
Therercre the customer expects ieslivery ot 
Material on a specific day, but does not neces- 
Sarily know the time of day that it will be 
delivered. Table VII lists these trips by their 
frequency, destination, ani type of cargo. 

Those customer sites that do not generate sufficent 
volume cf material delivery requiraments to warrant dedi- 
cated runs are servic2i by means of scheduled zone 
deliveries. Under this concept, material for several activ- 


ities, that are in the san2 general geographic proximity, is 
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TABLE @ITI 
SEMI-SCH EDULED, DEDICATED TRIPS 


PRE O DESTINAIIIN CARGO 
2/Daily 32ND Street piers (zones FRZ/CH 
2/Daily 32ND SteSetsp22ecrs (Zones FR 
Dally 32ND Street piers (zones) GSK 
Daily NAS 4iranar GSK 
Daily NAS North Island GSK 
Daily fee Shore activi- (zones) GSK 

Les 
Daily NCA Bldg 70 GSK 
2/weekly LBNSY GSK 
2/Weekiy NAS North Island afloat Bera eH 

units 
2/Weekly MCRD GSK 
Weekly 32ND Street EDF FRZ/CH 
weekly NAS Miramar EDF Pca Co 
Weekly Camo Pendleton FRZ/CH 
Weekly NRMO Balboa PRo/7eCH 
Weekly NAS North Island EDF FRZ/CH 
Weekly Hibs OF ohadc no 
weekly NaoeNOGten [sland EDF FR 
Weekly Camp Penileton GSK 
weekly Tmpecial Beach DPDO GSK 


combined to Minimize the requirement for deélivery vehicle 
assets and is delivered based ona fixed weekly schedule. 
As shown by Table VII for thos? runs marked (zones), sched- 
uled zone deliveries of GSK materi2l and provisions are mad2 
to the ships at 32ND Street Naval Station. In addition, GSK 


Momence 1S delivered to the shor2= activities ona zon? 


basis. Table VIII proviies the weekly zone delivery sched- 
ule. Table IX is a list of the customers that comprise the 
various zones, and Figure 2.3 is a map of the zone 
Tescetions. 


By —meLoying a zone delivery coacept, delivery vehicle 


pts 


utilization is increased, but at th2 expense of inc 
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f 
delivery time to the custoner. Material is currentiy 
ered based on the zone schedule rather than as it is issued. 
In addition, the custone2r is unable to do any advance? 
receipt planning or preparation because he has no assurance 
cf recé€iving any material on a particular day's Zone 


delivery. If the delivery vehicl2 is filled with material 
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TABLE VIII 
WEEKLY ZONE DELIVERY SCHEDULE 


ZONE DAYS DELIVERED 


Monday/Thursday 
Monday/Thursday 
Tuesday/Friday 
AS regulred 
Monday/aednesday 
Tuesday/Thursday 
Monday/v¥2dnesday 
Tuesday/Friday 
AS reyulired 


WONHAUNE Gh— 
Cups 


for other activities in the zone, the excess naterial will 
have to be delivered by supplemental véenicles or backlogged, 


awaiting delivery on a subsequent day. 


F. CURRENT DELIVERY PROCEDURES 


With the exception of the driver who performs the daily 
meme tOeLOong Beach at 0330, the local delivery drivezs 
commence work at 0700 and secure at 1530 Monday thru Friday. 
They are authorized a half hour lunch break during the 
course or the day as theic schedul2 permits. 

Frozen and chill subsistence are preloaded daily in the 
refrigerated vans and are availabl2= for pickup upon arrival 
of the drivers. Loading 9f the vans for fresh subsistence 
does not commence until after receipt of the fresh provi- 
Saois ac CAL ICE Sfzem the local markets, resuitin lee 
frequent, inordinate dslays in loading and subsequent 
delivery of these items. Dry provisions at NCA are pre- 
staged for straddie truck delivery and are oreloaded on 
trailers for those deliveries schedul2d off station as «ime 
permits. Preloading of SSK material is done whenever work- 
load permits. This is accomplish2d only after the next 


day's deliveries have been consolidat2d and staged. 
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TABLE If 
ZONE ASSIGNMY ENT CUSTOMER LISTING 


ZONE LOCATION / NBR of 
NUMBER DESCRIPTION CUSTOMERS 
lege 3, 4 Ae hOat: 

32ND Str22et Pliers 1-13 varies 
and outer buoys 
5 Central: 
32ND Stra2t NAVSTA 19 
6 Northwest: 
SubMarin2 support facility 
Afloat varies 
Ashore - 
Ucdedewemoor ps Recruit Depot 1 
Naval Training Center 8 
Point Lona az2a 5 
Others 
Afloat 1 
AShor:2 19 
7 Nomtheast: 
Mao Uikamar area 17 
Airc squadrons 6 
Naval hospital (NRMC) 1 
Others 10 
8 National ~ity South: 
NWAS@Nocth Isiand 
Air squadrons 20 
Afloat varies 
Ashor=> 18 
NAB Coronado WZ 
Others 10 
9 Broadway Tompound shore 5 
wats 
—E Penileton 
quadrdns and groups iS 
Battalions 5, 
Others 2 
Long B2ach 
Afloat varies 
Ashor=2 11 


The initial runs of th2 day are determined by the local 
delivery foremen at the respective sites. This is based on 
the priority of the material and konaown customer require- 
ments. To aid in their jiecision making, the foremen are 
provided with Customer Service Department input identifying 
tie “Her Ships (these soon to deploy), Issue Group 1 


delivery requirements, and Quick-Pik documents. In 
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Figure 2.3 MAP OF LOCAL DELIVERY ZONES 
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addition, by surveying their respective staging areas, the 
foremen have visibility of the material staged for delivery 
that day and also that material whith was not delivered as 
scheduled from previcus days and is backlogged awaiting 
delivery. The initial runs are then allocated as driver and 
vehicle assets permit for delivery of scheduled and semi- 


scheduled dedicated deliveries. Shore activiti2s can accept 


delivery anytime during the normal work day. Because ships 
usuaily want subsistence deliveries in the morning, the 
fr2sh, frozen and chill subsistence deliveries from the 


Broadway Compound and CAL IZE are given priority over 
delivery of GSK material. 

After assignment of tha initial runs, th2 foremen then 
advise the central dispatcher at Broédway Compound of the 
quantity of material by activity that still remains to be 
shipped. + is basically a "snap shot" of what is available 
for shipment as of that point in time. Based on this infor- 
Mation and that which is provided by the Customer Sérvic2 
Department in regards to subsisteanzse deliveries scheduled 
Gee that day, the dispatcher thin prepares his Daily 
Dispatching Record with driver assignments. (Requisitions 
Submitted by ships for provisions are reguir2ed to cite 3 
reqyuired delivery date to coincide with their scheduied zone 
delivery.) As a driver completes a trip, he reports back to 
the dispatcher via radio, ani the dispatcher updates his 
Deaeiy Daspatching Reconmd accopdingly. 

As noted previously, SSK material issued from Broadway 
Compound for delivery +t) the ships at NCA is staged at 
peeldinge 1. The Broadway foreman, in accordance with the 
zone delivery schedule ani the Hot Ship list, forwards all 
material to NCA the day prior to its scheduled delivery for 
consolidation with NCA's issues for straddle truck delivery 


to the ships. 
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Because of the volume of material that is reguired to bs 
moved daily to the fleet units and within the Broadway 
Compound and Naval Station, straddle trucks operate on 2 
free flow basis and are not controlled by th2 dispatcher. 
Tha warehouse foremen at NCA and Broadway compound arse 
responsible for staging th2 material for the straddle truck 
pickups and in that manner control their movements. 

During the course of the day, th2 dispatcher is advised 
of any additional emergency, or high priority requirements, 
that have develorfed and require resoxlution that day. His 
options include: 


1. alter the route of a vehicle scheduled +t5 make a3 
delivery in that geographical area; 


Poe the PrLOGIty Watrants and no. cther trips area 
scheduled to that eee schedule a separate trip 
to satisfy the requirement; 


ge ecretie COlivery to the next scheduled delivery or 
zone delivery to chat activity on a subsequent day. 


The dispatcher then determines the best methoi to satisfy 
these unscheduled regquirenents by considering the volume of 
Material to be delivered, its priority in relaticnship t9 
the priority of the material still awaiting shipment, what 
deliveries will have to b2 delayed and other factors that 
Meee defect the "cost" of aaking the delivery. 

The Transportation Officer is responsible for the opera- 
mean OCmmene Transportaticn Division (code 300). His control 
mechanism for mcnitoring the drivarts productivity is the 
Meeai Venaiyery Indtvidual Production Report (NSCSD 5200/20), 
(s?e Appendix A) which all truck drivers are required to 
document their activities iuring tha course of the work day. 
Mis weport includes information on loading delay tine, 
loading time, the number »f pallets loaded, transit time, 
offleading delay time, offloading tine, and the number of 
pallets offloaded for 2ach delivery. By reviewing these 
individual reports, the [Transportation Manager is able to 
evaluate the performance of his drivers for that day. Since 
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there is no ongeing program t> autonate this data, it has 
only limited use for planning and ssheduling in its ptesent 
caw form. Efforts are pr2sently being made to contract for 
the development of software for a2 minicomputer to allow 
processing the data fron these reports into information that 
is usable by the Transportation Officer and his foremen in 
monitoring the performanc2 of the nen of the department. 

The current local delivery procedures provide for a 
highly flexible, responsive syst2m and are adequate when 
dealing with relatively smali volumes of material and when 
there are more than a sufficent numoder of drivers and vehi- 
cl2s. However, the Traaisportation Officer and disvatcher 
are limited in their ability to 2fficiently manage tne 
distribution of material because of: 

1. large volumes of m2terial, 

2. inadequate visibility, 

3. a,.general lack of the inf 
meng and optimizing ve 
scheduling. 

With the implementation of NISTARS and NAVADS, the 


volume of materiai handled should decrease significantly 


Orema ¢ 
Bence 


through the elimination of the doubl2 handling requirement 
which now exists for cth2 intra-supply center transfer of 
material from Broadway Conpvound +> NCA for straddie truck 
delivery to the ships ani Naval Station hora facilities. 
But more importantly, with the automated, real-time capabil- 
zties provided by NISTARS and NAVADS and the development of 
an automated local delivery vehicle routing and scheduling 
System, the Transportation Officer will now have a control 
system rer operating and monitoring the local distribution 
Systen. 
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A. INTRODUCTION 


The costs associate With operating vehicles and 
material handling equipment for local deliver purposes 
comprises a significant portion of a Supply Center's oper- 
aexng costs. Rental of non-p2asseng2r vehicles at NSCSD for 
FY-82 was budgeted at $531,000 [{Re2f. 10]. A small percen- 
tage savings in vehicl2= cental costs counvled with reduced 
ior Cests, sthrough reductions in svertime and reductions 
in commercial drayage charges, would justify effort ase) 
mmmeOove the efficiency oof the cursen=t local distribution 
System. These potential savings b2ztome even more signifi- 
cant when the stock point is confronted with escaiating 
maei, capital, and salary sosts. However, as was noted in 
Chapter 2, efforts to improve effiriency must be carefully 
balanced against any adverse impact on effectiveness. With 
[me ocupp.wy Center's primary functid31 being the support of 
its customers, a change in the scurrent procedures should 
consider the effects of the chanjy2 on the support to the 
flaset and shore activiti=2s. For example, any attempt at 
Gomecolidartion of material into economical transportation 
units to achieve lower costs should be compared to the cost 
of increased Supply Center response time. 

The use of analytic routing and scheduling nodels can be 
Sister edl! In Mproving the sfficiency of a local distri- 
pution system and achieving these savings. With an 
Optimizing analytic routing and scheduling technique, the 
Transportation Officer wouid be provided with 3 management 


ana comerom toom for Miproving the effectiveness of his 


D 
Op2ration, as well as efficiency, Which he previously did 


not have the capability +o de. 
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Dns chapter prevasus efforts at utilizing automated 
vehicle scheduling programs are described. In addition, ths 
NISTAR and NAVAD systens will be described, and how they 
will impact on the Pocal wedi cet Loudtron system after 


implementation. 


B. VEHICLE SCHEDULING PROS RAM (VSP) 


VSP is an automatei truck scheduling program that was 
developed by IBM and used by NSCSD in the 1970's. It had as 
its goals: 

i tet ami.zing the loadout of vehicles, 


2. Minimizing the number of trucks {and drivers) 
required, 


3. Minimize the number of milés driven, 


G. providing documented  infornation with Which eo 
evaluate transportation systen performance. 
fRef. 11] 

Originally developed for commercial use, multiple IBM 


369 COBOL programs were written to adapt the VSP package to 
the NSCSD operation. However, dius +o saturation of thes 
NSCSD computer, time to run the program had ts be obtained 
from Fleet Accounting and Disbucsing Center, Pacific 
(FAADCPAC), which was located in Building 12 at the Broadway 
Compound. The procedur> was established to schedule the VSP 
package daily in the batch mode so that the schedules were 
available to NSCSD by 0630. iMimocder £O Sacconplosheehis 
daily run, input data had to be provided to the dat:2 
Peeicessing facility at ths completion of the fay shift at 
1530. 

Based on conversations with the lead programmer for <hs 
Peomec=meand With local delivery personnel, [Ref. 12:p. 12], 
th? program was a workable, sound project wit tTWO major 
pro piems: 

1. lack of positive management iaterest and 


2. wimeccue@at« information input. 


41 





Clausen, in his study of vehicls routing algorithms for 
Supply Centers, [Ref. 13:p. 33], contends that the major 
problem leading to the discontinuance of the VSP was the 
effort required in the daily collection of data. At the 
close of business each day, the warehouse foremen at 
Broadway Compound and NCA were regqiired to datermine the 
delivery requirements for the subseguent days' deliveries. 
This necessitated counting the pallets of GSK matérial for 
each activity staged at Broadway Conpound and NCA awaiting 
the next days! delivery. This infornation was then manually 
@eved for input into the V5P run. The only source of this 
information was obtained through actual physical counting of 
the pallets of material after they were staged. There was 
no automated method of determining the pallet space require- 
ments of the individual Line itens at the time of issue. 
Since a second shift of war¢ehousemen and drivers continued 
to stace and consolidat2 material after the foremen had 
Submitted their counts to the data processing facility, the 
input data in many instanc2s was understated. 

Anotner data collection problem involved datarmining the 
number of pallets that could be carried on a trip. Unioke 
provisions where the units of issue are case icts and are 
easily stacked in a uniform manner to achiev] 3 consistant 
pallet lead, GSK mateériai can be, virtually, an unlimited 
nunber cf different sizes and shapes. Further compounding 
this problem was that some of the pallets can be double 
stacked, when loading 2 trailer or van, whereas others 
cannot. However, even when that was possibls, amid saver 
Maght decide he didn't want +95 carry stacked pallets. 
Therefore, the computer specified pallet count for a trip 
did not always correspond to what was actually loaded. 

The VSP procedure was not flexible in that corrections 
or changes could not be made. The routing schedules gener- 
ated each morning were fixed and aay changes in volume or 
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location had to be manually scheduled or the data r¢einput 
and the program run again. By not having control over thea 
op2ration of the IBM 360 computer, -reruns of the scheduling 
program to reflect *hese changes were not feasibie. When 
the IBM 360 computer was c2placed, the decision was not to 


convert the VSP softwares t5 the newer computer systen. 


C. AUTOMATIC VEHICLE SCHEDULING (AVS) 


Another automated vehicle scheiuling system was the 
Automatic Vehicle Scheduling (AVS) program developed in 1979 
by the David W. Taylor Naval Ship Research and Development 
Center. eee egeie Vorweyoatem, this system is interactive 
and designed for the Burroughs 8350) computers which are in 
us? at the Supply Centers. The AVS system was designed to 
assist in scheduling of palletizei cargo deiivery among 
warehouses. It was test2d and evaluated at NSC Charleston, 
owen 2h July 1981, and by April 1982, AVS schedules wer=s 
being utilized on a part- time basis at NSC Charleston for a 
limited number of intra-canter moves. 

The dispatching problem at NSS Sharleston is, however, 
@ecreren. from that at NSCS5D. At NSC Charleston there are 
68 cargce pick-up/delivery sites located on the Naval 
Station, eight piers, aid six off-base sites. Orders for 
processing are calied to the warehouses on a pDatch basis 
periodically during the course of & day. When the crders 
are ready for delivery, the dispatzsher is notified and he 
enters the order size (pallet count), originating warehouse 


and destination into the AVS progran. Entries are made by 
filling in the blanks on 2 CRT screen. The dispatcher then 
inputs a discription of the vehicles available. Weeeh this 


information, tne AVS program generates schedules for each 
vehicle based on the capatity of the vehicle, the origin and 


destination points, and 2 time conStraint on the operation 
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of the vehicle. Those orders which are not scheduled for 
delivery are then backlogged for th=2 following schedule. 
Orders ready for delivery can be entered into the program as 
they become available. In addition, a schedul2= can be modi- 
fied to incorporate emargency orders (eg. Issue Group 1 
reguisitions) at the discretion of the dispatcher. Appendix 
B provides examples of routine schedule and revised ¢emer- 
gency schedule outputs from AVS. These printouts ars 
designed to be used as tha dispatch schedules. 

The AVS program has i1ztorposrated some features that wers 
identified as deficiencies in the V5P progran. By having 
Maeecapapility of running on the 83500 computer, Supply 
Center personnel have control of th2 time and the frequency 
of schedule generation. Recognizing that delivery requizre- 
ments change during the course of a day, this becomes a very 
attractive feature. Also, AVS proiuces a history file for 
data collection and subs2quent reoort generation of <he 
number of pallets delivered, their source, destination, and 
basklogs. 

A notable deficiency of the AVS system is the require- 
ment to manually input the data raecessary for schedule 
generation. Although this is acconplished by means of an 
interactive GCRe terminal, it is a labor intensive effort. 
Because of the time required to input the data, the AVS 
Peogeateat NSC Charleston is only us2i for scheduling daily 
pickup and deliveries of approximately 75 +o 100 pallets at 
Gut -lying, onbase warehouses. The volume of pallets 
processed through central receiving and high-issue ware- 
houses precludes their manual input into AVS. Discussions 
with Mr. Re We Farley, Transportation Manager at NSC 
Charleston, indicates that the systen would be utilized on 3 
full time basis for all local delivery operations if the 


data input problem could be resolved [Ref. 14}. 


Since «he AVS system has only been used at NSC 
Charleston for limited on-base delivery of material, whether 
or not it can be adapted to the larger scale, iocal delivery 
environment at NSCSD has yet t95 be determined. HOWEVEL, 
delivery operations to the ships ani shore support activi- 
ti2s at NCA are analagous to that of NSC Charleston 


Operations. 


D. NAVAL INTEGRATED STORASE TRACKINS AND RETRIEVAL SYSTEN 


NISTARS is amajor warehousing system involving large 
scale warehouse modernization and automation. It is a 
state-of-the-art system both in proc2ss control and material 
handling. When the syst2n becomes Iperational as scheduled 
in January 1984 at NSCSD, the impart on the local delivery 
system will be significant both in increased capabilities 
and the reduction in intra-center transshipment 


requirements. 


1. SYSTEN SUMMARY 


The center of operations Hore uESPARS. “wild bs 
Peed ng P=-O033 “with its somputer sontrolled, warehcusing 
system. It will be abl2= t9 control virtually ali aspects cf 
the Suppiy Center's war2housing functions, including inven- 
tory of material, assignn2nt of stsfage area, storage and 
retrieval or material in both ths NISTARS andi non~NISTARS 
warehouses, order accumulation, loading, and shipping. High 
turnever, binnable material will be stored in ainistackers 
and will be automaticaily retrievei by the computer systen. 
The low turnover, binnaable matsacial and all rackable 
Material will ke sterei in shelv2s ssrvicesi by manned 
storage/retrieval machines (MS/RMs). Warehousemen will ride 
the aisles in spécial cabs equipped with computer terminals 


ani printers and store/retciev2 material as directed by thse 





computer. Material storage and issue in the other ware- 
houses throughout the Supply Tentsr (including North Island 
Annex and Broadway Compound) will bes controlled by NISTARS 
through intelligent remot2= termin2zls (IRTs) or an inter- 
facing system in the cas2 oof North Island's wire guided 
MS/RM systen. 


ZoeeeoPeclt ON LOCAL DISTRIBUTION SYSTEM 
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The impact on the local distribution system can b= 


broken down into two general categories. 
ae) oloeenm CONEROL 


With NISTARS, management will have the ability 
to control which requisitions ar2 processed, and which 
reguisitions are suspendei. Inc addition, management will b2 
able to control the picking sequence and order ascumulation. 


Maeer the matcrial is co1asolidatei and packaged for ship- 


ment, it will be weighei and cub measurements will be 
taken. This data will then be forwarded to the NAVAD 
SYSTEM. 


be. OPERATION CONSI LIDATION 


As noted in Chapter 2, with the implementation 
of the NISTARS and Building P-0335 (hazardous/flammable) 
warenouses, the majority of that material presently ware- 
housed at Broadway Compouni will soon be warehoused at NCA. 

This consoliiation will eliminate the present 
requirement to dispatch veaicles fron the Broadway Compound 
SBxCept Mews =clanSwere the Erozen and chill provisions from 
Diescinae eanaGs foeSsh provisions from CAL ICE. Having all 
Gelivery vehicles originating from one location will gives 
the dispatcher and Transportation Officer improved and 
control of their personnel and equipnent. jLgt si (olf! alia alo, usual = 


will decrease the intra-~supply center transshipment 





requirement of GSK material between Broadway Compound and 
NCA. Eller and Moore estimated that 229,000 requisitions 
for binnable material with a weight of approximately 
1,225,000 pounds was shipped from Broadway Compound to NCA 
during the period 7% January 1989 t5 30 September 1980. 
feeet. 62p. 115}. Analysis of the Local Delivery Individual 
Production Reports for the period 12 through 16 July 1982 
determined that 1350 pallats of material wer intra-center 
transfers between Broadway Compound and NCA. The elimina- 
mror of this transshipment requirement will have 3 
significant impact on local delivery requirements. 

Finally, having basically one point cf origin 
for local delivery shipments of GSK naterial should simplify 
the decision making process ZO the dispatcher, 
means portation Officer, and any vehicle routing/ scheduling 


Seg Orichi. 


Ew NAVY AUTOMATED TRANSPORTATION DOCUMENTATION SYSTEM 


NAVADS is an automatei management control, planning and 
dotumentation system designed to interface with UADPS=-SP and 
NISTARS in the preparation and Shipment of material. le is 
intended to replace indiviiual, local systems that have been 
developed by each stock point for shipment docunant prepara- 
t19n with a system that will standariize this process, make2 
it more efficient, and also provid? management with a ship- 
ment control and planning syst2m. fTarough acconaplishmernt of 


+s objectives, NAVADS will: 


1. relieve these labor intensive functions so as to 
Zmprove documentation speed ani accuracy, 

2- conserve eo setond destination we20SPOl te +s On) 
Runde tir Og epee EL shapwent consolijiation, mode 


and carrier eal aswaes Ti: 
3. meet UMMIFS timefranes. [Raf. 15:sp. 4] 
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1. SYSTEM SUMMARY 


NAVADS is designed to run on a Perkin Elmer minicon- 
puter with data entry ani output through CRTs and printers 
positioned at pcint of use. NAVADS is composed of five 


functional modules. 
ae Basic Data Module 


This module will be a idiata file for each iten 
carried listing its respective weight and cube. This module 
will then interface with the other nodules of NAVADS to 
provide the data necessary for th execution cf their 


functions. 
be. Management Control Moduls 


This module will perform preliminary mode selec- 
muon cazrier selection, airshipment clearance/challengs, 
preliminary shipment consolidation and management report 
generation. Through this module, nanagement will have the 
ability to select free flow requisition/issus processing, 
batch processing, issue by IG, UIC, RDD, warehsuse iocation 
or by some other selected parameter. Managen2eat will also 
have available operational reports which will highlight 
workload by consignee, warehouse are3, or backlogs to which 


he will be able to match ais work force. 
Cc. Transportation Document Preparation Moduls 


This module will autonatically prepare most 
documentation required io label and ship material. 
Documentation wili inclui2: Government Bill Of Ladings 
(GBL's), Transportation Control Movement Documents (TCMD's), 
DD Form 1387 and 1387-1 Shipping Labels, and DD Form 1387-2 
Special Handling/Certifications. 
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d. Transshipment Module 


This module provides the Supply Canter with the 
capability to trace ‘transshipments from time of receipt of 
the material at the Supply Center to delivery to the 
customer. Tracking of the transshioment would be initiated 
by tne receiving section inputing the docuasnt number, 
priority, weight and cube from the TIOMD into NAVADS. Based 
on this data, the Transportation Officer, dispatcher and 
vehicle routing/scheduling program will have visibility of 
the quantity of transshionent material on hand by activity 


Pees lAciIusion in the local distribution system. 
€. Local Delivery Module 


As presently designed, this module provides the 
Transportation Officer with a manifest of the material 
designated as local deliv2ry. Althsagh originally designed 
to include a vehicle routing and schaduling algorithm, this 
function of the module is still under analysis and deéevelop- 


ment by the Fleet Material Support Jffice (FMSO). 
2. iMPACT ON LOCAL DESTRIBUTION SYSTEM 


With NAVADS capability to provide "real time" cubs 
and quantity information 9f both issued and transshipment 
material awaiting delivery, The fransportation Officer has 
increased visibility of his total local delivery trequire- 
ments. He can utilize this information to plan and evaluate 
*+he local delivery system performance. By querying <«he 
NAVAD system for the volume of naterial available for 
delivery, the Transportation Officer will now have the 


ability to start planning his next Jay's operations rather 


rh 


than always being ina "reactionary" mode at the start o 
each workday. Unrortunat2zly, as aan aid to the development 


Of a routing and scheduling algorithm, the infcrmation 
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provided by NAVADS has only limited application. he Ould h 
cube information is proviiad for material awaiting delivery, 
this data cannot be simply aggregated and ther cirectly 
correlated to paliet unit loads. Material characteristics 
such as outsized dimensions, packaying and handling pecul- 
jarities preclude determination of the number of standard 
pallet loads based solely on aggreyated cube data. The 
humber of pallets actually stagei for delivery to an 
activity cannot be detarmined until the material has bsen 
consolidated for the final time. eae however, outsized 
cargo is treated on an exception/ofFfline basis, NAVADS has 
she potential to be aiussful nedium for automated input of 
local delivery requirenents data ints an automated vehicle 


scheduling program. 


Fe. SUMMARY 


Automated vehicle scheduling programs for local distri-~ 
bution systems have peen Shown to b2 workable at Navy Supply 
Centers. The VSP and AVS program ar3 two exampl2s. A major 
deficiency in the systems ased ¢9 date has been ths 
inability to develop a nathod of automating the input of 
volume cr materiai to be delivered. With thea increased 
capabilities now providsi by NISTARS and NAVADS, this 
problem may be solvable and an autonated vehicle scheduling 
program may be practical for increasing the local delivery 


system's effectiveness ani efficiency. 
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I¥. ANALYSIS 

in Oder to develop an automated local delivery 
routing/scheiuling system, regardless sf the algorithm used, 
there is some specific data required. Bodin, 3solden, Assad 
and Ball determined that the data required for the ciassical 
vehicle routing problem are distant2s, custoner demands, 
vehicle capacity, and fleat size [Ref. 16: p. 281]. Pe has 
Mieysis of vehicie routing algorithms, Clausen further 
expands on the specifications of data requirements. He also 
recognizes the requirement for data on distances, and 
contends that this can b? equated t> inter-customer times 
(transit times). In addition, data is required on the time 
to service each customer, that 185, unload time and unload 
delay time, and the time to load 2acsh vehicle at the point 
Ge Or1gin. The duration of a4 vehicle route will be the 
total of the transit tine and the service time for each 
customer site. These times will bs a function of how well 
+h2 customer is equippei t> unload the vehicle and the type 
of vehicie being used to make the delivery. Met. '3- aD. 
95}. 

im Order to develop an autonaced vehicle routing/ 
scheduling algorithm, these data requirements will have <9 
be quantified. Chapter 2 began the process by identifying 
the fleet size and listed the respective capacities of the 
vehicles (see page 26). This chapter will continue to quan- 
tify the data requirements. [NGiidea, aneene G€isScussion will 
be sections addressing the volume of material islivered {in 
terms of pallets) to th2= customer sites; transit times from 
Broadway Compound and NCA to the csustomer sites; driver 
non-transit, non-productive times (tine required for loading 


and unloading delays and "other" non-productive functions, 
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for exampie, fueling of vehicl2s and safety meetings); 
driver non-transit, productive tines (time required for 
loading and unloading of treir vehisles); and a regression 
analysis of the number 09o£ pallets loaded and the loading 


tine and number of pallets unloaded and the unloading time. 


Aw. DATA DETERMI SATION 


The Transportation Officer is provided with a monthly 
report of Workload or Projyram [Trends for his department. In 
addition to budget, manhouc accounting, and vehicle utiliza- 
tion information, there is a monthly summary of the number 
of pallets handled by the iocal dilivery system for the 
fiscal year. Tabie X is a2 report 39f the pallets delivered 
during the period October 1981 through July 1982. The quan- 
tities listed are the aggraaated sun of pallets delivered as 
reported by the drivers 22 their Local Delivery Individual 
Production (LDIP) reports. This information is inpuxt daily 


mcO agmenicomputer and than compilei monthly t9 produce th 


(D 
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MeenlOad OF Program Trend report. While this report i 
us2?fui in providing an iasight ints the magnitude of the 
local delivery task, it provides little information required 
Boewune gocal delivery pianning proc2ss. There is no strat- 
ification of volume by customer sit? and no differentiation 
between straddle truck deliveries andi motor carrier. 

Niele so ter sand MSa5S conpdtcts=d j<chezr study, they 
attempted to utilize drivar l9gs in an effort to quantify 
th2 volume of material dalivered t>5 customer sites. Two 
Bac LOLS, however, isd ee theic abandonment of this 


technique: 


ieevuemaata Comtalneil in the reports. did not readily 
lend itself to automation 3ni analysis, tnerefore 
the desire to ascainulate delivery = aeaetwies on ail 
HO Cal Siapeokers could not be met with any reasonable 
sample size 

2. The nead of the ,rransportation Bivas:on- considered 
the ea the data to be questionable. 


[Ref. 6: con : 





TABLE X 
LOCAL DELIVERY WORKLOAD SUMMARY 


PALLETS DELIVERED 
OCTOBER 1981 THROUGH JULY 1982 


YS, oe DF WITHIN % OF 
NONTH TOTAL CUSTER TOTAL NSC TOTAL 
Oeu 43,860 Powne 2 0 51 21,634 49 
NOV 39,111 ee 9 51 197 wo 49 
DEC 44, 789 Zee 2D 48 Do, (aa 2 
JAN 43,562 2 Oueyll 9 2 46 23,319 54 
FEB 44,0 20 19,497 44 24,613 56 
MAR 57,6 28 27,041 48 We) Sie) Th a2 
APR 52,419 Pape ee 48 PRIS 3) a 
MAY 42,319 18,337 43 24,482 5 
JUN 46,500 Fale) As: 43 Zon 22 oy 
JUL 51,89 23.9016 46 24,203 54 
votes 466, 5 24 Zag 0 7 Pal SI) S813) 
AVG 46,652 ZA) 47 24,794 53 


Since Elier and Moore completed their study in mid-1981, 
NSCSD has replaced the daily driver logs with the more 
detailed LDIP reports. The format of this report varies 
meome thas Of the driver log in that, in addition to the 
humber of pallets delivercsd t> a customer, the driver is 
required +o record load/ianioad start and stop times for 
commencement of ioading and unisading of the vehicie. 
Although the reperts are prepared daily by the drivers with 
no mechanized control syst2m td) monitor their validity, the 
Transportation Officer states that, in his opinion, the dat2 
reported is reasonably accurate [Ref 17]. 

URtOseinatsly, only the paliet unloaded count from the 
LDIP report is presently being input into the ninicomputsr. 
BanOnGce 8tO Obecaln the itaformaticon required for the auto- 
mated routing/schedulia Srqorichin cis LS aecessary tc 
develop a data base utilizing all sf the dati contained ia 
th? LDIP report. 
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FOr purposes of this study, the LDIP reports for July 
1982 were selected becaus2= they were the most recent avail- 
able and would be indicative of current operations. These 
reports were divided into two categoriss: 


1. those reports of drivers of flatbed and lowboy 
trailers and vans (295 reports), 


2. those eRe of idircivers of oickup trucks and stake 
trucks (99 reports). 


This distinction was made because the trucks in category two 
are frequently used for less than pallet ioaji deliveries, 
suzh as HOTLINE and Signatire-requirsd items. In addition, 
because crf their relatively smaller size, these vehicles are 
more maneuverable in the city traffic, around the ware- 
houses, and the piers. [It would b2 logical t5 assume that 
these vehicles would generally hav2 shorter transit times 
and customer service times than the larger vehicles of cate- 
gory one. TS include thes2 reports in the analysis with the 
larger delivery vehicles would significantly bias the resul- 
tant transit times and dn-Site cistomer service times. 
Therefore, the LDIP reports in cateyzyory two are not consid- 
ered in this analysis. 

In igesu of the LDIP reports, the straddle truck and 
transporter operators record their day's activities on 4a 
Compound Driver Perfornaate Record. Because the record's 
abbreyiated format onl provided total paliet counts of 
material delivered during the day and did not differentiate 


between customer deliveriss and intra-center transshipments, 


yw 


c 
these records were also excluded fron the analysis. 

Of the 295 LDIP reports in category one above, 183 (62%) 
were anaiyzed. The 112 r2ono0rts not analyzed from this cate- 
gory were excluded because: 

1. they were illegible; 


2 the author was unable to interpret the data as it was 
presented; 


a. weeeme did not wallow 
meport, and, aS 32 Tré 
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minimum of thirty trips), additional reports were 
excluded from anatysis: ( mo ba axanple, E=acen end f=esh 
provisions to NCA eee and intra-center moves). 

For purposes of this analysis, the average or arithmetic 
mean and median were selscted as th2 measures of central 
tendency for the data. The arithmetic mean is computed by 
summing the value of the observations and dividing by che 
hnuaber of observations. The mediai is the observed data 
value above or below which lies an 2qual number of observa- 
tions. The median is calculated fron the data by sequencing 
the observations from lowest to nighest, and then selecting 
the central value. Since the mean is influenced by extreme 
values to a much greater degree than the median, the median 
provides a better measure >9f central tendency than the mean 
when there are some extremely large or small obs®rvaticns. 

PeGOre, Or the nommal probability plot correlation coef- 
ficient r, iS a measur= oF the normality of the data. The 
more normal the distribution of the population, the greater 
th2 tendency for the data to yield niar unity values (1) for 
Bmemeprobability plot correlation cosificient cc fRef. 18:p. 
112]. Therefore, a very high correlition is consistent with 
normality. The hypothesis of 2 normal distribution would be 
rejected if the NSCORE value falls below a critical value. 
The NSCORE vaiue is a funstion of the number of observations 
in the sample and the level of confidence desired in 
accepting the normality hypothesis. Appendix C lists an 
abbreviated table of NSCIJRE values b2sed on various sample 
sizes and confidence levels. 

Standard deviations are used as i: measure of dispersion 
of the observaticns about the sSampl2 mean. TE the popula- 
=1on has the form of a normal distribution, then 
approximately 68 percent sf all observations lie within one 
Standard deviation of the mean or aiverade. Approximately 
95.5 percent will lie within two standard deviations and 
99.7 percent will fall within three standard deviations 
@a-f. Joep. 531. 





B. VOLUME OF MATERIAL DELIVERED 


As noted previously, the quantities of pallets listed in 
Table X were aggregated quantities. Included in the cate< 
gory Myathin NSC" wera itis > oN. or Motor carrier 
transshipments between Broadway Compound, NCA, and North 
Island Annex; intra-center straddl> truck and transporter 
pallet mcvements; and QUIZKTRANS pickup and deliveries. 

Based on the data in the LDIP reports analyzed, Table XI 
provides a breakdown by sustomer site of the average quan- 
tity of pallets delivered per trip, the number of trips, the 
standard deviation, Premed tateea2d stehe NSIORE  forsehst 
activity's sample observations. 

A preblem identifiei by Eller ani Moore in their efforts 
to address the issue of volums cof bisiness by customer was 
th2 unit of mé¢asurement employed by the Supply Center 
{Ref. 6]. The Transportation Departnent uses the number of 
pallets handled as a workload measurenent. Although the 40 
by 46-inch pallet "theoretically" equals forty cubic feet or 
Ons measurement ton, not every pallet is sitac 
Standard. Because of the irregularity of size 3 
individual line items, the majority of the pa 
less than the standard. To compensate for the 
Seunes that partially staztked palilsts would oro 
drivers are required +t9 astimate their pallet so 
on the forty cubic feet or the cne measurement ton standard. 
There is some evidence that actual pallet counts instead of 
Standard pellet counts are used. For example, it was 
reported that a 40-foot van mad2 a delivery of for«~y-four 
Pameiets @= chill provisions to the ships at NCA on 26 July. 
Meoene= EDP report statei that fifty-one palists of frozen 
provisions were deliverei to Long Beach ond July by a3 
4W2-foot van. This cbviousliy exce2is the normal capacities 


of che 40 and 42-foot Von > pOtameaw bey ss x and forty 





A. PALLETS DELIVERED 
SAMPLE 
Bc TIViTy SIZE 
CAMP PENDLETON 16 
NASM 26 
NRMC 23 
LONG BEACH 11 
POINT LOMA 38 
SHOR& ACTYS) 
POINT LOWA 45 
SHI 
MEK D 15 
IMPERIAL BEACH 15 
NAB CORONADO Z6 
NTC 39 
NORTH ISLAND 33 
ANN EX 
WenTH LSLAND 24 
(SHORE ACTYS) 
NORTH ISLAND 34 
(SHIPS) 
NAV ELEX 16 
Peewee PALLETS DELIVERED 
wen, SHIPS 36 
NCA Ge b 6 1 
NCA SERVMART 4 
Néxn MTIS 9 
(BDDG 279) 
See fALLETS DELIVERED 
NORTH ISLAND 46 
(QUICKTRANS) 
BRIADWAY COMP 13 
FROM MTIS 
BROADWAY COMP Sz 
Meee SALLETS DELIVERED 
NCA tNSCED 15 
NCA NSCSD 30 
FROM QUICKTRANS 
oe Faber > DELIVERED 
POINT LOMA 7 
(SHIPS) 
NCA SHIPS a5 
NOTE: The ast2risk_ (*) 


eocrelaze=en has. failed 
tne five percent level 
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PALLETS DELIVERED PER 


TRIP BY CUSTOMER 
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12.9 Oa 
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19.6 6.6 
18.6 6.8 
NORTH ISLAND 
io S64 
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0.0 
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8. 


5.8 
10.1 
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Appendix C). 


norma 


MEDIAN NSCORE 


24.0 - 963 
2a 981 
8.0 so 52 
3 1..0 974 
a0 ous x 
17 30 - 986 
14.9 - 964 
a2 0 - 985 
Lae 971 
22. 0 - 988 
Ales 0 967 
T25 #956 
12.0 ~ 970 
5.0 36 
1935 - 981 
19.0 ~ 996 
Zoe 2905 
106 974 
Zo0 984 
19.0 971 
agi eae) 974 * 
TO ~874 * 
2525 -953 * 
120 994 
O20 974 
Beobabilicy plot 
LE ze] 6) oy) ao he Ae 





double-stacked pallets respectively. These inconsistencies 
in reporting the quantity of pallets delivered could be a 
factor influencing the large standard deviatisas shown in 
Table XI. 

MmOmner factor which may influsnoce the large standard 
deviation in pallets dalivered is the zone delivery proce- 
dure. Depending on the manner in which the delivery vehicle 
is loaded, there may only be space available for a partial 
load for some of the customers in th2 Zone. As a result, 
the pallet count for a customer delivery may vary signifi- 
Gemtmyest:tom trip to trip. 

In order <9 determine local delivery vehicle loading in 
terms or pallets onboard per trip, Table XII provides a 
listing of pallets deliver2d by zones rather than individual 
customer site. zones on2 through four are excluded from 
Table XIi because the LDIP report data did not specify by 
zone or pier the deliverizts to the ships at NCA. Therefore, 
Geeptecehtiation by zone could not be made. 

A» preblem encountereil an condurtting this analysis by 
zone was the occasional combining of scustomers from differ- 
ent zones ints one delivery. Lo eunemmae ths data of 2 
Maltaple-zone load in th analysis of a particular zone 
would tend to bias the results of any computation for 
average pallets delivered per trip. The results would be 
inflated if the multiple-zone ioaiing was treated as 43 
delivery to only the zone being analyzed. It would deflate 
the results if the pallets were allocated to their respec- 
tive zones, andthe zone being analyzed would be allocated 
Mes Dabtial load. Therefore, multiple-zone loading secords 
were not included in th2 computations for Table XII. 

Of the thirty-two vans and trailarcs that were utilized 
in the reports analyzed, thirty-one of these had a normal 
load capacity of eightten or twenty single-stacked pallets 


and eer Ty —Si x or forty Jouble-stacked palists, 
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TABLE XIif 


MEDIAN NSCORE 


16.0 .946 
26.0 .990 
Zine = 989 
26.0 .986— 
S50 mes erie 
32.0 .956 


PALLETS DELIVERED PER TRIP BY ZONE 
SAMPLE TOTAL AVG PLTS SID 
Sean Files DL VD DEV 
ZONE 5 13 - 7.4 
NAVELEX 
NAVSEA 
ZONE 6 66 1684 Zoo ois. 
wIC 
NOSC 
MCRD 
POINT LOMA 
ZONES 7 We, 705 24.3 315) 8) 
NASM 
NAMC 
ZONE 8 69 1822 26.4 ee 
NASNI 
NAB CORONADO 
IMPERIAL 
BEACH 
ZONE LB 273 3 Ome 15.0 
LONG BEACH 
ZONE CAMP 15 367 24.5 | es 
PENDLETON 


respectively. 


mowed in theethird cobumi of ITabis XII, 
cles appears to be reasonably well utilized. 
of the meéedian and mean 
the average pallets delivared per trip has a 
mia C 


lait syie 


bile LOne 
loaded 


aremconemstent. 


It could also sujgest 
and the 
Mmereonuli alss 
always make specific deliv2ry trips. 
be 


This becomes more significant 


to the same extent 


Deliveries +o a Zzon2> can 


vehicle type. 


loading and unloading tim2s, becaus= of the 
culty associated with unloading 2 van as 
flatbed trailer. A flatbed trailer can be 


both sides and the rear. A van cao only be 
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Therefore, based on tas average pallet counts 


Space on the vehi- 
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Aeneal distri-=- 


the vehicles are being 
driver's estimates 


imply that specific drivers 
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when analyzing 
greater diff:- 
opposed to a3 
SEtloaded fron 


osffloaded from 





the rear. This becomes a more difficult operation whers 
there are no loading dock facilities available to allow the 
GoeGk Linc tO drive infout »£f the va2. Fresh, frozen and 
chill provisions are normally delivered by van, whereas, GSK 
material and dry provisions ara normally delivered by 
flatbed trailer. However, on oXccasion, GSK material will be 
used to top-off avan provision delivery. feauee XLtT issts 
the number of pallets delivered t> the zones by vehicle 
type. 

The flatbed trailers have a consistently higher averages 


pallets delivered count by zone (zon2 8 is an =xception) and 


a lower standard deviation than t1a3 vans. This may be 
attributable to several faztors. Since the flatbed trailer 
can be loaded from the sides as wall as the rear, fee eS 


easier tc ioad and thus is more condicive to double-stacking 
of the pallets. Since the vans ar¢ used primarily for 
delivery of frozen and fr2sh provisions which are generally 
considerably heavier than 3SK naterial, a van may reach its 
Purim catLOnS Prior €> utilizing all of its space. ee 
addition, there may be an insufficient number of issues of 
provisions for azone +) fili the van, and, unless ths 
driver is directed t9 top-off with GSK material, the 
delivery would be made with a partially filled van. 

The only vehicle typ= utilized +9 make daliveries to 
Long Beach was the van. Since the average transit time to 
Long Beach is in excess of 153 minutes as shown in Tadle 
XIV, every 2ffort is mais to ensure that the van is fully 


loaded prior to its departure From NSCSD. 


Cl DrawolT TINE TO CUSTOMER SITE 


Transit time from the Broadway compound ani NCA to tha 
customer sites is dependent upon the distance traveled and 


maar eT emecondi tions. Teatro comment. ons Can b= Sons. dered 2 
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TABLE XIiil 


PALLETS DELIVERED TO ZONES BY VEHICLE [YPE 


A. 40 and 42-FOOT FLATBED TRAILERS 
SAMPLE eo 


ZONE SIZE Pits 
ZONE_5 13 219 
NAVELEX 
NAVSEA 
ZONE 6 54 1455 
NTC 
NOSC 
MCRD 
POINT LOMA 
ZONE 7 25 637 
NASM 
NRM 
ZONE 8 60 1574 
NASNI 
NAB CORONADO 
IMPERIAL BEACH 
ZONE LONG 2 
BEACH = 
ZONE CAMP 
PENDLETON 9 243 


Be 4Q and 42-FOOT VANS 


ZO tiie 5 = = 
NAVELEX 

NAVSEA 

ZONE 6 12 Z2t2 
NTC 
NOSe 

MCRD 

POINT LOMA 

ZONE 7 - 58 
NASM 
NRC 

ZONE 8 “) 243 
NASNI 
NAB CORONADO 

Pitter cai 66 A CH 

ZONE LONG 2 273 
BaeACH 

ZONE CAMP 6 119 
DENDLETON 


AVG PLT5 
DLVD 
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mince rommor the time Of day, the customer site location, and 
the weather. Weather and distantes to the customer sites 
were constant during the pariod analyzed and were no influ- 
ence on the variability of the data. Therefore, the time of 
day and the customer sit= locations remain as the basic 
factors affecting the variability of the transit times. 

Table XIV lists by NSCSD poiats of origin averag2 
transit time in minutes per trip, standard deviation, 
median, NSCORE, and sampl2 size from which the computations 
were made. The transit time to customer Site was computed 
by taking the difference between the Jsparture tine from the 
preceding location and th arrival time at the customer site? 
as reported on the LDIP (see Appendix A). In determining 
the transit times to the activities, there was no differen- 
tiation made between the flatbed trailer and the van. ine 
was assumed that both vehicle types would be equally 
affected by any driving variables. 

Table XV lists the fiv2 most variable transit times from 
Broadway Compound and NCA to custoner sites based on the 
standard deviaticn. The third column gives the standard 
deviation as a percentage 9f the average translt time. iae 
emmomewetthy that Six Of the ten ars tO customer sites in 
Zone epagnt. Wetiaecess Peserictsd §~=5 a long toll bridge, 
this zone is nighly susceptible to d2alays created by traffic 
congestion. Since deliveries to these sites ars not made at 
a scheduled delivery time, selection of non-rush hour times 
should be a consideration in order to~ mininize delayed 
transit times. For exanple, deliveries to North Island 
QUICKTRANS from NCA are performed on a daily scheduled basis 
at 1000 and 1300. AS shown in Table XIiv, the 19.7 minute 
average transit time is four to six minutes faster than the 


average transit time to other North Island customer sites. 
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TABLE XIV 
TRANSIT TIME TO CUSTOMER SITE (in minutes) 
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Customer service tine 1s composeji of three time periods 


* 
* 


pallet unload 


unload delay time, 
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TABLE XV 
THE MOST VARIABLE TRANSIT TIMES 


As FROM BROADWAY COMPOUND TO: 
PRANS TT. Si D % OF 
PIL o DEVS LRANSDIT TIME 

NASNI SERV MART 21.4 VO. / 50 
NCA SHIPS 20s Beez 39 
NAB CORONA DO 23.3 8.0 34 
POINT LOMA Pops) See: NS 
NASNI SHIPS 21.2 5.0) 24 

Bie BeO@n NATIONAL CITY ANNEX TO; 
NASNI ANNEX TAS 8 11.4 4Q 
NASNT SHIPS 24, 955 39 
NASNI SERV MART Jo 3118: B25 36 
POINT LOMA Zee 0 9.1 32 
BROADWAY nS.2 4.8 26 

customer site after the pallets ar2 unloaded. Ros) lat foc 


time wili be categorized as "other" customer service time. 
Maenples Ofethis wouddebs time required for resecuring the 
remaining pallets on the vehicle after making 2 delivery to 
a customer; time required to perform minor emergency vehicle 
Maintenance; or time required to perform necessary adminis- 
trative functions such as obtaining signatures and verifying 


Material delivered. 
1. UNLOAD DELAY TIME 


Unioad delay time is that period of time from the 
arcival of the local delivery vehicls at the customer site 
until the unloading of the vehicle conmences. This time was 
conputed by taking the difference between thea time unload 
commences and the arrival time (sé2 Appendix A). 

Table XVI lists the statistics of the anload delay 
time (measured in minutes) for each customer. Recognizing 
that several inordinate i2zlays may significantly bias the 
averages, for a given customer sits, thoss cbservations 
which were larger than two standari deviations above the 
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mean were considered to bs outliers. Averages, standard 
deviations, and medians were raromputed without theses 
outliers and are annotate1l in Table XVI by ***, A new 
NSCORE value was not computed becaus2 it would have required 
an excessive manipulation »f the data files. If recomputed, 
the NSCORE value would have been higher reflecting more 
normalized data. 

There waS no distinction nai2a in the unload delay 
time analysis between van or trailer deliveries since it was 
assumed that vehicle typ? was not a factor affecting unload 
delay time. 

As shown in Table XVI, the average unload delay tine 
per trip ranges in value from a maximum of 20.7 minutss 
(adjusted for outliers) for Receiving at Camp Pendieton to a 
Minimum of 0.0 average unioad delay time at NAVSEASUPCEN. 
Both of these times appear extreme. The zero average unload 
delay time at NAVSEASUPCEN may be the result of incorrectly 
allocating the customer service time. The extremely high 
average unload delay time at Camp Pendleton should be 
further investigated to determine any causal factors. 

Ree caGeOr 2ffecting ehe unload delay time is the 
non-availability of assets to offload the vehicle. Sines 
the material is in valiet unit loads, the nornal technigue 
metre @tmeocd2ng is by forklift. Therefore, at nost customer 
Sites there is a delay incurred awaiting the arrival of the 
mor KkKlifa. It would be 2xpected that this would have the 
greatest impact at those sustomer sitas that do not normally 
have a forklift in operation at the time of delivery vehicle 
arrival; for example, at the gall2ays and ships. Since the 
ships located at 32ND Street Naval Station do not nave any 
forklift assets, NSCSD provides a forkiift to the piers to 
assist in the offload. Lieut set Orheetrtyes. not meadily 
available, there is a delay incurrei while the ship musters 
a working party +o manually offload the material in a manner 


Sinilar to a bucket brigade. 





TABLE XVI 
UNLOAD DELAY TIME PER TRIP (in minutes) 
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TABLE XVI 
ONLOAD DELAY TIME PER TRIP (in minutes) cont. 


SAMPLE AVG JNLOAD STD MEDIAN NSCORE 
V 


CCimTiI TY SIZE DELAY TIME De 
NCA 
SERVMART 27 8.0 Lae 10.0 ~2 ou 
teri S) 43 Dal 358 0 - 988 
% KX 42 3 3A8 0.0 = 
NSESD 80 8.1 245 DO 5S) ZS 
* KX 76 Gian) Garo 31 = 
SIMA 3) 6.0 Biro Ge 0 5 hie U 
PWC 7 623 2) ga8, a 8, e955 
NCA SHIPS 65 Sieg fuse ae!) 924 * 
Hk 60 opis 6.9 a) 0) = 
BROADWAY 1Q2 ae eo Dao 969 * 
EK a6 Sig 2 7.0 a = 
Note: The aster ay (Held acetes elise che probability plot 
correlation has failed the test for a normal distribution at 
the five percent level (s22 Appendix ¢C). 


Two other factors which atfest the unload delay time 
are the requirement at some custoner sites to have only 
designated personnel accept custody of the delivery and the 
tine of day that the delivery is maids. For example, if the 
delivery is made toa galley during meal pr2paration ofr 
serving periods, the person required +0 receive the provi- 
sions may not be reajily available upon arrival of the 
delivery vehicle. This may explaia the large average unload 
delay times in the case of provision deiivaries to the 
galleys at NAS Miramar (average unload delay is 16.3 
Minutes), NAS North Island (averag=2 unload delay is 16.4 
Minutes), and NAB Coronado (averages unioad dizlay is 10.5 
Minutes). 

This is one facet of the local delivery system which 
Goma Bemerit directly fron a vehiclS routing and scheduling 
program. Those customer sites scheduled for delivery during 
the day can be notifiei by phone in advance of the pending 
delivery. Ensured of dalivery in 2 specific time period, 
tha receivirg activity cana then mak2 preparations in advance 
Soe tpeme-c the unicad 9 the material upon arrival of the 
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delivery vehicle. In addition, deliveries should be made in 
agreed to time windows to avoid any conflict with the ship's 


daily work routines. 


2. “OTHER CUSTOMER SERVICZ TIME PER TRIP 


"Other" customer service tine is that period from 
completion of the unloading of material to the departure of 
the delivery vehicle from the customer site. This time was 
conputed by taking the difference between ths time Zhe 
unload stopped and the tine of departure frem the customer 
Site. As stated previously, the tim2 required to secure the 
remaining pallets, backloai empty pallets, and to take care 
of administrative matters should be reported as "other" 
time. However, analysis of the LDIP reports indicated that 
only a small percentage of the reports documented any 
"other" customer servic tine. Por example, of the 
forty-two flatbed trailer deliveries %*o0 Point Loma, only 
thirteen reported "other" customer service time. Also noted 
was that the frequency of reporting this time varied signif- 
icantly between drivers with s2veral drivers never reporting 
any "other" time and other drivers reporting five minutes 
with each stop. There ar occasions when, upon compietion 
of the unloading of pallasts, the driver can immediately 
leave the customer site, however, it is unlikely that this 
should occur only for some of th2 drivers and not for 
others. The author suspects that this "other" time is 
frequentiy erroneously included in aither the transit tims 
between sites or the time required to unload the pallets at 
the customer site. This would artifically inflate these 
times. 

Table XVII d1ists the statistics of the "other" 
customer service time (in minutes) for each customer. 
Again, recognizing the impact of odutliers on the average 


times, those observations more than two standard deviations 
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greater than the mean wer2 disregarded, and new average, 
standard deviation, ani median were computed and are 
reported as ***, 

The average "other" customer service delay times are 
quite small but exhibit ralatively high variability. AS a 
consequence, the effect of desregardiing the sutliers has 4a 
neyligible impact for all sf the customer sites except MCRD 
where the average time is reduced from 9.4 minutes per trip 
to 3.1 minutes per trip and NCA PWC where average time was 
reduced from 5.1 minutes p2r trip to 0.0 minutes per trip. 


SeeeenclOAD TIMN& PER PALLET 


mn OEP TS ss ee oy eS >= = 2 =pen 2 ap «se a= 


Table XVIII lists the statistics associated with ths 
the time required to unload a pallet ata customer site. 
This data was stratified for each customer by vehicl? type 
if more than one vehicl= type nade deliveries to that 
customer. Those observations which w2re more than two stan- 
dard deviations greater than the mean were treated as 
outliers and new average pallet unload times, standard devi- 
ations, and median were conputead. fha recomputed statistics 
are indicated in Table XVIII by ***. 

As noted earlier, unload tine is expected +o be a 
function of the vehicle type; that is, it should take less 
time to unload a flatbed trailer than a rear entry only van. 
However, the data provided in Tabl2 XVIII does not neces- 
Sarily support this hypothesis. This may be due to the 


inadequate sample size. 


Pre=se ate Several factors which affect the vari- 
ability cf the average unload time. in cddat2On 20, ths 
Opviousei.em, the skill of the forkilft operator), there is 
also the physical characteristics 3f the customer Site. 
Those sites Which have loading dock facilities can more 


expediticusly unload a vehicls, especially a van, than 3 
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TABLE XVII 


OTHER CUSTOMER SERVICE TIME PER [RIP (in minutes) 


NSCORE 


MEDIAN 
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TABLE XVIil 
OTHER CUSTOMER SERVICE [IME PER TRIP (in minutes) cont. 


SAMPLE AVG JTHER SfD MEDIAN NSCORE 
Leave T Y SLae DELAY TIME DEV 
NCA vee) 
MSCSD 80 1.4 4.3 Oe 0 -834 * 
7K He ok 78 hay ee 0.0 = 
SIMA > ae 4 oes, 1.000 
PWC i De 15.2 0.0 wots. * 
eH _6 0.0 0.0 0.0 = 
NCA SHIPS 05 2.4 B)e ae. - 884 
BROADWAY 102 4.8 eee, OFS, 803 * 
* KX 98 Feet | 62.5 0.0 3 
Meees wei te asterisk (*) indicates that the probability plot 
correlation has failed the test for a normal distribution at 
the five percent level (s22 Appendix C). 


site without. An exampl2= of this would be the high averag= 
unload times for van pier deliveries at North Island, Long 
Beach, and NCA compared to the average unload time at the 
docks at Broadway Compound. 

Another factor would be the amount and lecation of 
the "“laydown space" for the temporary storage of the 
material as it is being unloaded. ie thee tOLKlitc) is 
required to make long transits fron the vehicle to the 


laydown area, it will incr2ase the tine requirsi to complet 


wD 


the unload. The Transportation Officer should evaluate the 
physical characteristics 9f each customer site and make2 
suggestions to change theic physical layout or revise their 
unloading procedures to improve their 2fficiency in order to 


improve his drivers pallet delivery times. 
4. PREGRESSION ANALYSIS OF PALLETS UNLOADED 


The analysis presented in Table XVIII sugaested 2 
relationship between the number of pallets unloaded ana ths 
come Ger the unloading astion +t> take place. Eee woes 4 
appear logical that there would be 2a direct causal relation- 


ship between the number of pallets to unload and the time 
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TABLE XVIII 
UNLOAD TIMES PER PALLET (in minutes) 


SAMPLE AVG UNLOAD See nb ean  NSCORE 


BC eiaya 1 Y¥ See Ss Dei 2 DEV 
Gan Pr PENDLETON 
CEIVING 
Tek 7 es) 28 es - 984 
HOSPITAL 
eek ieee SU, 8, ~ 994 
NAS MIRAMAR 
RECEIVING 
TRUCK 14 1.5 of > 5 eyes, 
YAN u 1.1 eS. 1.9 1.000 
SERVMART 
TRUCK 13 Ze 10 20 2290 
VAN 1 1. 0 = = = 
GALLEY 
RUCK 4 1. 6 Us: 13 Be) Ss) 
NRMC 
TRUCK 10 1. 2 53 trea aon 
MCR D 
mae K 2 1.6 a, 1.1 sel a3} 
NAVSEASUPCEN 
TRUE K 2 lees) one le 1.000 
NAV EL EX 
TRUCK 16 ers Us 7 eZ A ies! 
oe Ex ean BEACH 
ac K 11 We 3 Be, led ooZ 
YAN 3 len 0 - 0 58) 1.000 
NOSC 
TRUCK 9 1.4 a9 Ve - 886 
POINT LOMA 
GALLEY 
TRUCK 2 Ze | - 6 = = 
VAN 3 Sans Zant 6./ Be) Ti 
SUB EBS E 
TRUCK 3 16 2 oe ae) 924 
VAN 1 siats = = = 
FUG PIER 
Loic K 1 1.0 = = = 
AN 1 4, 3 = = = 
PL sai PS 
TRUCK wae, Us, 1.0 1.4 OS 
VAN 16 Jo 8) Pie) 2.4 2909 
NTC 
TRUCK 27 1. 0 a) 1458 el) 
VAN 1 1.0 - - = 
LONG BEACH 
GALLEY 
VAN 2 2. 0 o 1 = = 
RECEIVING 
VAN 8 eu ere Za 945 
LB SHeeesS 
VAN Zo Zion 3 260 266 
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TABLE XVIII 

UNLOAD TIMES PER PALLET (in ainutes) cont. 
SAMPLE AVG JNLOAD on 

RCT yea) Y 3 JU YAIy: ELE DE 


NORTH ISLAND 
NSCSD ANNEX 


MEDIAN NSCORE 


TRUCK 56 Dal yas lene oo72 = 
SERVMART 
Tauic K i PLE, 1.4 1226 919 * 
QUICKTRANS 
TRUCK 21 ats as. a0 - 988 
GALLEY 
TRUCK Oo lee a6 = = 
VAN 4 Zo 4 lies 2.4 5 
NI SHIPS 
TRUCK 318 Zo 2a) Wee? 877 * 
VAN 4 2.3 1.0 255 1000 
NAB CORONADO 
ACU-1 
TRUCK 2 Sis = = - 
VAN 5 ae | one Fs ae sas a 
RECEIVING 
TRUCK 11 20 lies 124 soc] 
VAN 3 es 0 0.0 ee, 1.000 
SERVMART 
TRUCK 13 ce 2.6 Zeo LPS 
GALLEY 
TRUCK 3 UG mas 1,4 mood 
VAN 1 Za = = = 
NCA 
SERVMART 
TRUCK 20 ae 4 - 8 os 
VAN ii 5 el Ve 0 lOO 
fags eS 
Bie wie K 23 ieee 1.9 Ae. 3 667 * 
NSCSD 
TRUCK 725) lise ok flies 894 * 
a 5 / sant 4.2 28 - 6) Oreex 
TRUCK 5 1.2 ln 4 Se) s 
PWC 
TRUCK 7 A 2 3 a3 994 
Wezel PS 
TROUC 7 lee oe 1.0 Sstel S, 
VAN ois) ge 3.0 ie 7 ele 
BROADWAY 
Tawek 84 eZ ao Noon 27 Slee 
VAN 18 te 5 linc 9 ~944 
Note: The asterisk (*) iadicaces that the probability plot 
correlation has failed the test for 1 normal distribution at 
the five percent ievel (s22 Appendix Tf). 
required to accomplish this action. This relationship when 


identified could then be used as a predictor for determining 


the time required t0 unioad a given number of pallets at 2 
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customer site. By quantifying this relationship and 
MicmMiGamg 1c 2nto a Vehicle routiny and scheduling algor- 
Bech Mi the accuracy of average unloading schadule times 
should increase. 

Regression analysis was performed to predict tha 
dependent variable of tim= to unload pallets from the inde- 
pendent variable of a given number of pallets. Lancer, 
exponential, power, and Logarithmic regressions wére evalu- 
ated using the coefficient of deternination, or the squar2 
of the correlation coeffirtient R, as the maasure £ the 
proportion cf the total variation explained by the regres- 
Semon. Ine value of the co2fficient sf determination for the 
linear model was equai +> or better than most of the other 
moijels and was not significantly (lass than eleven percent} 
infericr than the best non-linear regression for any 
customer site. For the linear mod2l, Table XIX lists the 
Yrintercept, slope, R-square value, and standard deviation 
of Y about the regression Line for each major customer site. 
The R-square values range from a high of 0.99 to a2 low of 
HO 2. 

Bn general, thos2 customer sites where the unload 
time is strongly correlated to th2 number of pallsts 
unloaced (R-Square approaches on8) have the smallest 
Yr-intercept values and vice versa. Where there is a weak 
COrreiation between the number of pallets unisaded and the 
unloac time, there are sther variables which are signifi- 
cantly affecting the unloai time. Examples cof this would be 
Met Venqmeebalities of forklift cpearators, the amount of 
SUDECVISiOn in the unload operation, or the time of day of 
Gelivery (unloading would be expedited so that it would not 
overlap with break periods or quitting time). 

The negative slsp2s are unexpected and imply that 
there is an inverse relationship between the number of 


pallets unloaded and the time requir2d +o unioad them. That 
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TABLE XIX 
PALLET UNLOADING [TIME REGRESSION ANALYSIS 


AG ev 1 TY YoeDNPEPeGet SECRE R=-SQOUARE STD, DEV 
(mMinut2s) (minutes) OF ey] x 
(minutes) 
CAMP EENDLETON 
RECEIVING 
TRUCK 5. 24 +374) Be) 0 5203 
HOSPITAL 
ZeUC K bey od 20 a0.2 Z liso 0 
NAS MIRAMAR 
RECEIVING 
TRUCK 16.60 aoc 210.5 Siar Oe2 
VAN 3435 ~333 <7 6 2<3a7 
SERVMART 
TRUCK 5.41 1 120 air Seoul 
GALLEY 
Deauc K =10.99) Dye AS; ee) 7 9.477 
NRMC 
mou c K Apa 40, Bs) (0, 24 9.395 
MCRD 
TRUCK 5 e400 ~ 849 PLS) Ga 2 
NAVELEX 
TRUCK 10. 30 690 BS) 34900 
IMPERIAL BEACH 
TRUCK 88.6) -~1.670 a2 165 Sao 
VAN “SIS Ae) PSS, 96a 
NOSC 
TRUCK = Seco 1.540 S55, 13.740 
PT LOMA 
GALLEY 
SUB BASE 
TROCK 102.39 Zui 5 ris 490 
Pied iPS 
Tec K Ze is! wo lee 560 
VAN 11. 80 1.040 244 1254/50 
HEC 
TRUCK eels, 2252 ee 8.664 
LONG BEACH 
RECEIVING _ 
VAN Bias obey hes 510s ye Jao 
LE@eE LPs 
VAN 5. 34 tg. esi 35 6.759 
NORTH ISLAND 
a@eo ANNEX 
TRUCK daa \ 2 woo oe Ga299 
SERVMART 
ruc K G..28 2549 47 6.114 
QUICKTRANS 
are K 10. 10 ~ 430 a2 65.479 





TABLE IxXX 
PALLET UNLOADING TIME REGRESSION ANALYSIS (cont.) 


ACTIVITY YE RCE eT SLOPE R~SQUARE STD DEV 
(minut2s) (Minutes) Or eis 
(minutes) 
Nahe LSLAND (conrt.) 
GALLEY 
VAN Ss to) 2765 213 diieety 
Ne SHIPS 
TRUCK B50 AS ls 248 Sie 19 
VAN 22430 OOS 07 18.810 
NAB CORONADO 
ACU~1 : 
VAN 4.56 2259 -oe 1.548 
RECEIVING 
TRUCK a yere a, peli w3 Sav al 
SERVMART 
RUCK 2035 Be 240 Pe S282 
GALLEY 
TRUCK 4.30 2095 A Shs, 1.094 
NCA 
SEEVUART 
TRUCK gdh oe) 2 454 oe, Seles S, 
NSCSD 
eno CK 4.71 2 741 247 8.143 
VAN 12.00 -.135 - 05 Greed) 10 
SIMA 
Do ai 165 4 Syeh tl 60 6.926 
TRUCK lend 0 « 258 O02 11. 700 
NCA SHIPS 
TRUCK =6 a2 ee, - 84 Ses! 2 
VAN 1254 1.209 25s eee 2 
BROADWAY iz 
TRUCK Se 4 si i2 27 Teo 
VAN SS Pas. =..139 «02 10.140 


2S, aS more pallets are aniloaded, ieass time is required to 
unload then. A negative Yrintercapt is also not expected. 
This implies that for some smail quantities of pallets 
unloaded, there would b2 zer> or negative unioading time. 
For those activities with a négativ2 Y-intercepot, a model 
other than the Linear model should b2 used as 2 predictcr of 
unloading time. Those attivities with negative slopes and 
Yrintercepts should be studied further to identify the 
factors actually azifecting unload tinas. 





E. SUPPLY CENTER LOADING TIME 


Supply Center loading time is comprissd of three 
elements: loading delay time, "other" Loading delay time, 
and pallet loading tims. Similar to "other" customer 
service time, “other" loading delay time is that time spent 
at the loading site not classified is loading delay time or 
Beeding time. It would inclujie such periods as administra- 


tion, vehicle safety checks, and msstings. 
1. LOADING DELAY TIME 


Habte XX Tists ths statistics for the Loading delay 


tine (in minutes) for the NSCSD locations that loaded the 
delivery vehicles. This times was computed by determining 


the difference between th2 arrival time at a loading ioca- 
tion and the time that loading commanced. Those records 
with a loading delay time greater than two standard devia- 
tions from the mean were considerei as outliers and were 
CompMieed swith those records disregarded. Th2 recomputed 
activities are indicated on Table XX by ***, 

The high average loading delay times listed, as 
compared +o previous tables averag= times, can be attributed 
to severai factors. Although NSCSD attempts td preload ths 
vehicies prior to the drivers reporting for work, has 
cannot always be accomplished and 3 queue results as the 
drivers wait for the loading of their vehicles. The effect 
of preloading is most evijent at CAL ICE where the average 
zoading delay time iS twenty-one ainutes. There is no 
pr2ioading at CAL ICE and NSCSD drivers must queue with 
conmercial drivers. In cOmtra se, the averag2= van loading 
delay time for Broadway Compound is 4.8 minutes and the 
provisions are preloaded onthe vehicles prior to <the 


arrival of the drivers. 
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Another factor affecting the loading delay time is 
tha problem of reporting that was addressed previously in 
the allocation of time between unloading delay time and 
Nother" customer servics time. Tine allocated to adminis- 
trative matters and road checking the vehiclS should be 
reported as "other" loading delay time rather than iIcading 
delay time. The author attempted to make this distinction 
in his analysis of the LDIP reports wher there was an 
obvious erroneous reporting of th allocation of the time. 
However, Since this distinction was 19t apparent in all LDIP 
reports, the author suspects that the average load delay 


time may be inflated. 


TABLE XX 
LOADING DELAY TIME PER TRIP (in minutes) 


SAMPLE AVG LOAD STD MEDIAN NSCORE 
Craw TY SWE VAIS DELAY TIMs& DEV 
BROADWAY 
TRUCK iets 16.8 21.4 10.0 -o07 * 
me kX lees Se es Beno = 
VAN a 6s) 5.4 es 0.0 A Gy 
pe cos 34 4.8 6148 0.0 = 
NCA 
TRUCK lgegs 1OP2.8 14. 0 ~861 * 
a 3K om 8.4 Sane 6.90 0 
VAN 8 Tac oc “a, 5a 
Gis ICE 
VAN 10 25709 24.9 5 ~918 
arene 9 ae eas: 14, = 
NORTH ISLAND 
NSCSD ANNEX 
TRUCK 8 oa a0 os - 990 
VAN 3 Sis Pa 5510 1.000 
QUICKTRANS 
TRUK ae 17.17 He ou 55 18 884 * 
Note:, The asterisk (*) indicates that the probability plot 
correlation has failed the test for a normal distribution at 
the five percent level (s22 Appendix ¢C). 
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2. “OTHER” LOADING DELAY TIME 


Table XXI lists the averag= "other" loading delay 
time in minutes for the NSCSD locations that loaded the 
delivery vehicles. This time was computed by taking the 
difference between the tina that th2 loading of pallets was 
conpleted until the departure of the vehicl= from the 
aading iocation. In additicn, any time that was reported 
as being administrative or, in the 2uthor's opinion, was not 
related to loading delay time was also added t2 the "other" 
loading delay time. This would inaclude those periods of 
tine at driver safety meetings and vehicle inspections. 

MeCactor affecting the “other" loading delay time is 
the delay in providing drivers and wareshousemen with their 
znitial daily work assignnents. Although the normal work 
day commences at 0700, thare is a itlay until actual produc- 
tivity begins in the form 9f Loading the trailers or 
departing the Supply Center with preloaded vehicles. its gol 
during this time that minor administrative natters ars 
completec. A possible indication of this delay is the 
difference between average "other" loading delay tines 
between North Island Annex and Broadway Compound and NCA. 
For those reports analyz2i in the study, headingeat North 
Island Annex was performed during th2 course of the day well 
after the initial work asSignments had been nade. AS 3 
result, the average “othar" loading delay time at North 
Island Annex does not raflect this initial assignment delay 
Mewes saognericantly Less then van aad truck “other” loading 
delay times at Broadway Compound ani truck "other" loading 


delay times at NCA. 
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TABLE XXxI 
OTHER LOADING DELAY TIME (in ninutes) 


SAMPLE AVG OTHER STD MEDIAN NSCORE 
ACBiHV ITY S0Ze DELAY TINE DEV 
BROADWAY 
TRUCK 139 12253 18.1 aye 914 * 
138 10.4 ie. 2 ae 0 = 
VANS a5 Neca ESS) ome 866 * 
eK 33 Bait ues 2 Dat) - 
NCA 
TRUCK 193 9 RRP aes io’ 3,0) 206.3). 
KX 187 6.6 11.4 3.0 = 
VAN 8 ao icc) 26> - 999 
CAL ICE 
VAN 10 10. 1 TALS Ss 0 12-000 
NORTH ISLAND 
NSCSD 
TRUCK 8 0.0 0.0 Oe-0 = 
VAN 5 Seo 2-9 5.9 152009 
QUICKTRANS 
TRUCK 22 See W200 0.0 ~911 * 
* a 21 Side: 8.4 0.9 ~ 
Note: The asterisk (*) indicates thit the probability coe 
BeercicatitOn has faiied the test £9r a normal distribution at 
the Live percent level (s2t2 Appendix C). 


3. PALLET LOADING TIME 


Table XXII lists the statistics for the loading tine 
per pallet (in minutes). Again, samples greater than two 
standard deviations from the mean were considare 
and were disregarded in tha new computations for ¢ 
ties. These are indicatei by ***, 

moading time per pallet, like that sf unloading 
elie peta cUMmICtion cf the forklift iriver'ts ability and the 
Bhycitcame characteristics of the loadiag Site. 

The North Island Annex of NSCSD has an average 
loading time per paliet for trucks which is thirty-nine 
percent less than that of NCA ani forty-five percent less 
than that of Broadway Compound. Teh Pedqd2tion, its van 
average joading time is 2leven percant and fifteen percent 


less than that of NCA and Broadway Tompound, respectively. 
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This difference, especially in the truck loading times, may 
be a factor of the small sample siz2, or it may be attrib- 
uted to the time of day that the loading was accomplished. 
That is, the loading at North Island may occur during slack 
periods from material prestaged aijacent to the loading 
mos k. CAL ICE also has 3 loading tine ver paliet the same 
as that of North Island Annex. Because of the large differ- 
ence in average loading times betw22n CAL ICE/North Island 
and Broadway Compound/NCAa, the cause of this difference 
should be determined for px»ssible adplication in reducing 
Overall NSCSD pallet ioading times. 


TABLE XXII 
LOADING TIME PER PALLET (in minutes) 


SAMPLE AVG LOAD Suns. MEDIAN NSCORE 
AG Vey T ¥ SIZE Tey DEV 
BROADWAY 
TRUCK eS Ze) 1.4 lio S265 6= 
% Kk 134 pT 28 ies. - 
VAN 55 Zee lo Z ae Ua 
NOA 
TRC K 3 2a ie 1.7 oO 
KK 190 1.8 9 Ws - 
VAN 8 eae Vs 1.8 8 3 
CAL ICE ; 
VAN 10 Ver6 26 1) xe - 987 
NORTH ISLAND 
NSCSD ANNEX 
TRUCK 8 1.1 .6 erO Bits | 
VAN = a6 a 4 deed - 998 
QUICKTRANS 
TRUCK 22 2. 4 2010) 2a os] = 
KK IK 2 Zan Vw BN = 
Note:. The asterisk. (*) indicates that the prpbabliity plot 
correlation has failed the test for 2 normal distribution at 
the five percent Level (s22 Appendix C). 
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4. REGRESSION ANALYSIS OF PALLETS LOADED 


Similar to the regression analysis conducted between 
pallets unloaded and unload time, 2 regression analysis was 
conducted of pallet loading tine as 2 function of the number 
of pallets loaded at NSCSD's primary loading sites. Again, 
tha intent was to determine if thera was a strong statis- 
tical relationship betwaen these two variables in order that 
the number of pallets to be load2d could b2 used as a 
predictor of pailet loading tine. The linear model was at 
least as good aS any non-linear mojal. The st32tistics from 
tha linear regression are provided ia Table XXIII. 

With the exception of the North Island NSCSD Annex 
van loading times, there is a w2ak correlation between 
loading times and the number of sallets loaded. This 
implies that variables other than the number of pallsts 


Meae@ed e@he Significantly lafluencing the loading time. 


TABLE XXIITTLT 
PALLET LOADING [IME REGRESSION ANALYSIS 


Bere ViTY Y=ENTEREE ST. SEGRE ek -SOUARE STD DEV 
(minutes) (Minutes) OF Y{X 
(minutes) 
BROADWAY 
TRUCKS ZO.) he). 217 2h. 220 
VANS S547 989 soley 12.619 
NCA 
TRUCKS TU10 1s 110 ee: 19.399 
VANS 10.49 Oot ans: 52560 
CAL 12 
VANS Wee2 1.5480 ~42 13.920 
NORTH ISLAND 
NSCSD 
TRUCK 12.00 PLA a, OS Savas 
VAN -3. 33 PAO, Paes: 2-941 
QUICKTRANS 
TRUCK Pe | 1.840 EBs 262520 
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A. SUMMARY 


The costs associatei with operating vehicles and 
Material handling equipnent for local delivery purposes 
comprises a Significant portion of a Supply Center's oper- 
Seeng Costs. A small percentage of savings in vehicle 
rental costs coupled with redused labor costs through reduc- 
tions in overtime and sommercial drayage charges would 
justify efforts to improve the efficiency of the current 
local distribution systen. 

The use of analytic routing and scheduling nodels can bs 
instrumentai in improving the efficiancy of a local distri- 
bution system and achieving thes2 savings. Automated 
vehicie scheduling prograns for local distribution systems 
have been shown to be workable at Navy Supply Centers. Tha 
VSP program used previously at NSCSD andthe AVS program in 
current use on a jiimitel basis at NSC Charleston are <two 
exainpies. However, a major deficiency in these two systems 
has been the inability to jievelop a nethod of automating the 
inpuzt of the data. With the davelopment of NISTARS and 
NAVADS, the data input problen may be solvabie and an auto- 
mated vehicle scheduliny progran may be practical for 
increasing the locai delivery system's efficiency and 
effectiveness. 

In .ordsr +o develop an automated Pca) VCS LIN SEY 
routing/scheduling system, some specific data is required. 
These requirements are: 

Leo tusSi7 cand  capasit 
2. délivery vehicle loading time 


3. emansit time to customer .sites 
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4Y. customer service tine 
5. volume of materiai jieliversi 
Gewese Ag tn] LDIP reports for the month of July, 1982, 
this thesis determined these requirements. More specifi- 
cally, the following infornation was obtained: 
1. statistics for the Loading tin2 per pallet Dy vehicle 


eae (van versus trailers) at NSCSD'S primary loading 
sites. 


2. statistics for idvading delay time per trip by vehicle 
mupe adeenoCSD*sS primary loading sites. eis loading 
delay time was further stratified between time spent 
ae Ging the commencement of loading the, pallets, and 
any "other" driver time at th= loading site not asso- 


Ciated with loading the vehicls:. 


Besa tistics for th: Le: time per pallet by 
vehicle type at each major customer sits. 


4. statistics for service time per ‘t¢rip_at_ each na 
customer site. This time consisted of unloed 
delay time which was the tim2 awaiting the unioad 
commence and “other" vehicle unload delay time whi 
was the time from complstion of the unload until ¢ 
vehicle left the customer sits. 


jo 
oie 
cs 
Cc 
h 


MO Wow 


5. statistics for transit times from Broadway Compound, 
NCA, and CAL ICE to major customer sites. 


6. statistics for volune of matarial delivered to major 
customer and delivery zone by trailer and van. 


Be RECOMMENDATIONS 


As stated in Chapter 1, the purpose of this thesis was 
to conduct a study of the Local delivery distribution system 
at NSCSD in an attempt to develop a data base for use in 2 
Meuck GOUtIing and scheduling algorithm to .optinize the use 
of persennel and local delivery vehicle assets. The recon- 
mendations in the following paragraphs are mad2@ to further 
enhance the results of this study. 

The format of the LDIP report presently in us¢ is 
adequate for documenting the information required for 23 
maict EOUseng and scheduling algoritho. However, there are 
several coding deficierci2as that if corrected would improve 
ear ales aC CUraGieOtethe in fonumatdwon coddected: 


1. There is no differantiation between 40 and 42-foot 
trailers and vans. This 1s reguered EOS 
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determination of vehicle capasities ani measurement 

fm iodeing efLficiancy. It 15 recommend <hat the 

vehicle Buu legend code be updated t9 accurately 
reflect vehicle types presently utilized. 

2. There is no BENS OMS in the manner in which the 
drivers are reporting the "sther" customer service 
and loading delay times. PaiekUbewmro Leporc this 
eneOrmation in.2 consistent manner linits manage- 
Menc’s ability in goa saad he performance of their 
personnel in. terms of productive time versus non- 
productive time. 


3. For. approximatel Ponte Penconuc of, the reports 
analyzed, time of lunch break was not indicated, or 
mie nadicda ted, COlhiuered Wath Other 9 activity fimes 
reported. feces ote ad that a flexible Lunch schedule 
a> d-ctat ed a 2ach drivers’ activities 1S a neces- 
sity, _accurately documenting tne lunch period taken 
is needed to propecily allocate the drivers time at 


each site. 

The Compound Driver performance Record utilized by 
pallet transporter and straddle truck operators is inade- 
quate for documentation of customer jieliveries for a vehicle 
routing scheduling algorithm at NCA. Li the Transportation 


it 15 lapractical for 


«Tt 


Department management datermines tha 
mer Stmaddie truck operators to iocument transit tinss, 
loading and customer service times, then it is reconmended 
that a study be conducted to determin? these standards, or 
some type of automatic rersoarding system be obtained. This 
is presently under consideration by the Transportation 
Officer. 

The problem of using 2 pallet as a work measurement unit 
was addressed by Eller and Moor]? (Ref. 6] and still 
persists. Measurements by actual pallet count are the 
easiest to maintain. However, the procedure of having the 
driver estimate his load in measuranent tons or cubic feet 
in order to adjust for partial pallet loads doses not lend 
izself to consistent quantity reporting. Rather than haves 
the driver attempt to azake this conversion from actual 
PAtecemeagum: tO a LTepoptel] standard pallet count, statis- 
tical sampling Shouid be pertorcned by knowledgeable 
analysts. A conversion factor could then be developed to bs 
applied to the actual nump2r of pall2ts carried based on thea 


+ype@_ of material ({ie., SSK or provisions). 
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Because of tine constraints, amaliyvoms “could rot be 
performed on the deliveries made by those vehicles classi- 
fied as category two in Chapter Four (ie., stake trucks and 
Peckups trucks). It is recommended that a study be 
conducted to determine transit, loading and customer service 
times for each customer site similar to that conducted in 
this study. Also, additional data should be collected and 
analyzed for those customar sites analyzed where the volume 
of data for the month of July was insurfticent to provide 
meaningful statistics. 

Finally, those sites where the regression analysis of 
unloading times showed low R-sgquare values or negative 
Slopes should be studied further tt» identify the factors 


actually affecting the unloading times. 
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APPENDIX B 


AUTOMATIC VEHICLE SCHEDULING (AVS) PROGRAM SCHEDULES 


The AVS program was developed by the David WwW. Taylor 
Naval Ship Research ani Development Center for use at NSC 
Charieston as a local dalivery vehicle routing/scheduling 
System. The following d2scription and figures are intended 
to supplement the information provided in Chapter 3. 

Included in the AVS program i122 base is information 
peculiar to the Supply Center that is using the progran. 
This information would intlude transit times between various 
locations and loading/unloading tines for each vehicle. 
Paes information is utilized with the daily delivery 
requirements data that 18S provided by the dispatcher in the 
development of the vehicle schedules. 

Figures B.1 through B.5 are =examoles of regular schedules 
output generated by the AVS progran. Figures B.6 through 
B.9 are examples of emergency schedule output. 

The scheduling procadiure is initiated by the ware- 
housemen when they notify the dispatcher of the number of 
pallets that they have available for delivery and théir 
respective destinations. The dispatcher then enters this 
data by means of a CRT terninal to the AVS program. Figure 
B.1 iS an example of the data entered. For exampl2, order 
one is five pallets from Building 191 to be delivered to 
Building 1601A. Order *w> is two pallets from Building 191 
to be delivered to Building 1601B. 
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FIGURE B.1 ORDERS 


Atter input of the delivery cequirement data, ~he 
dispatcher then enters the vehicl2s available for sched- 
miang. These vehicles ar2 assumed t9 originate and termi- 
nate at the same location. Figuc2s B.2 through 8.5 are 
examples of scheduies gentrated to deliver the orders listed 
Bn etigure 8.1. Figur= 8.2 is the schedule for straddl= 
Pome k 1, The dispatcher has enter2di into the AVS program 
that the straddle truck's Load capacity is five pallets; the 
duration of its schedul2 is not +9 exceed 240 minutes; and 
P@esvenmmele is te depart the point of origin at 0800. 

Straddle truck 1 completes its route at time 1050 at 
Building 1078. There ar2 still 70.8 minutes availiable of 
the 240 minutes originally specified. This is the result of 
all of the pallets, that were reported available for 
delivery, having either been delivered or scheduled for 
delivery by other vehicles. Dieu nd sees schedule, <charty- 
four pallets are delivered, and orders one, two, four, five, 
Six, seven, and nine are completed. 

Fi@emee 825 1s the schedule fS5t transporter vehicie 1. 
It has a load capacity of ten pallets. 

Schedules are proviied in Figures B.4& for tractor 
BEaitvemme and 2n Figure Bea for tractor trailer 2. The 
combined schedules of thse vehicl2s, as shown in Figures 
Bee theelgh B.5, completed the delivery requirements of 
Ragur ees. 1. 
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Vehee CLs =O eal | 
CAPACITY =o PALLETS | 
Pee LEY LT ee Vo NUDES | 
SHARD IL WE - 809 | 
DATE 223752 | 
Ser © TING DELI VER Beck UP ORDER Sia : 
ee eo 
£19) 820 5 PALLETS S a al 
45 84 3 5 PALLETS 7 3 | 
oS 855 > PALER S 7 3 | 
1174 659 #5 PALLETS 3 | 

5) 904 1 PALLETS 6 2 
101 3 908 1 PALLETS 7 2 | 

98 o) (| > PALLETS 6 3 
1013 eh > PAL LES a ff 
30 235 > PALLETS 9 a «| 
45 956 JeCkG Ge tS | Se 
Syeie 1001 2 PALLETS 4 2 «| 
64E 1005 2 PALLETS 2 | 

Sale 1009 4 PALLETS 5 3 
io 2 1020 4 PALLETS 7 3 ri} 
191 11025 JRA L LETS 1 ea 4 
1601A 1030 > PAL LSS 3 | 

191 1034 2 PALLETS 2 2 
16071B 1038 2 PALLETS 2 | 
| 
em ee me meen em © mr em mm mm wn @ wn emer em em fee ew mer errr rr rr] ferret erer= { 
| : 
| FOULS FUN SHED eA T1050 | 
LOCATION = 1073 
mac DEBE = 7056 MENUTES { 
FALLETS MIVED = 34 | 

FIGURE B.2 STRADPE er SUcK 1 SCHEDULE 

The schedule generated for straddle truck 1 has it 
fern g 21tS fist stop at Building 30 at. time 0829. 
M[/eere st picks up five pallets. (partial, pickup of 
delivery requirement) of ordér nine (ses Figure 8.1). 


ead E£2me 1S thr2ae atnutes. 


Stop 2 is, at Building 45 at sg 
Here the five pallets are dropped 
2s three minutes. 


d tine 0843. 
2 unload «ims 


The next stop is Bui iding 98 at scheduled time 0355. 
Here five pallets 3£f order seven are picked up in 3 
scheduled load tim2= of thre2 ninutes. 


These are then delivered t9 Biilding 1174 .... 


oh 





———— 


| 
| 
VEHICLE = laren 
CAPACITY = Uee PALLETS 
Tee Leet = 20 MINUTES | 
| START TIME - 300 | 
{ DATE - 1/23/82 
| SOP ssl teE SLAG oe DELI VER PLEIOK UP ORDER STAY | 
i 
| 1 191 E07 7 PAT wees 3 8 | 
Z 1605 817 1 PREPeES 1) PALLETS 11 16 «| 
3 43s S00 10) PA LETS 40 Beasts Zz 18 | 
4 1605 946 1@ PALLETS tt) PALEETS 11 18 
| 5 43S 10371 10 PALLETS 17) PALLETS 12 oa || 
| 6 1605 1117 #10 PALLETS 10 | 
ee FE 
ROUTE FINES HEDAAT 1134 | 
LOCATION = 1078 
Diese =~ 20. 6 BINIEES | 
| FALLETS MIVED = 47 | 
| | 
| nn Ee | 
FIGURE B.3 TRANSPORTER VEHICLE 1 SCHEDULE 
ieeeeensporter vehicis 11S t> make its firs= stop at 
Building 191 and piskup seven oallets of order three. 
Load time for this stop is sight minutes. 

2. it delivers these gall2ts to eee 1609 .aeot ines 
0817. After unloading the See Pomesto, we toads 
ten pallets of order even. Totai stay time at 
Building 1605 is 16 “ling BOS. 

SB. eee then continues on with the remainder of its 


scheduls. 
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FIGURE B.4 
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—— _ eee 
| 
VEHICLE - [T2 
CAPACITY - 14 PALLETS | 

TIME LIMIT - 240 MINUTES 
START TIME - 8300 
DATE - 7/23/82 | 
{ 
| STOP SITE TIME DELIVER PICK UP ORDER STAY | 
| { 
| 1 1605 809 6 PALLETS 19 16 | 
| ee) &48 6 PALLETS 16 | 
| 
eg a a ee 
{ { 
| ROUTE FINISHED AT 915 | 

LOCATION = 1073 

TIME LEFT = 165.6 MINUTES 
| PALLETS MOVED = | 
fo. 
SEE a ae | 


mEGURE B.S DAbCTOR TRAle eR 2 sCuSDULE 


In the event of an emergenty issue, ie. an IS 1 require- 
ment, the dispatcher would enter this information into the 
AVS program as shown in Figure B.6. MIX = 1 indicates that 
the dispatcher has determined that more than one vehicle 
type may be used to fill the order. PROPT = 1 indicates 
that the dispatcher has datermined that non-emergency orders 
may be bumped to fill this order. 

Figure B.7 is an 2xanaple of the AVS response to ‘the 
emergency requirement provided to the dispatcher. From this 
vehicle availability menu, he can then select the vehicles 
that he wants to utilize to fill the delivery cequirement. 
His résponse as indicatei in Figire B.7 is transporter 
vehicle 1 and transporter vehicle 2. Their schedules ars 


then modified as indicatei in Figur2s B.8 and 8.9. 
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Probability Plot Correlation Coefficient Test 


Jeri pen developed the Probability Plot Correlation 
Cozfficient Test as atest of normality. The test deter- 
Mines the "straightness" of the probability plot as measured 
Dy themeoctelatig coefficient of th> polnts in the plot. A 
high correlation 1S consistent with normality, therefore, a 
computed NSCORE less than a critical value, a1 pha, @ wail 
cause rejection of the nuli hypothesis that tne sample was 
taken from a normal distribution. The Tabl¢ XXIV lists the 
Critical NSCORE vaiues for the left-hand tail test for 


various sample sizes and alpha risk levels. 


TABLE Xxiv¥ 
NSCORE NORMALITY TES? VALUES 


SAMPLE ALPHA 
5 a vA 01 295 10 

5 . 822 379 ~902 
10 875 hi? 2934 
15 - 907 3937 -950 
20 2925 2350 -960 
25 937 .558 73966 
30 947 2364 -970 
35 952 358 2974 
40 953 2 5 Oey 
45 . 961 2374 2978 
50 2955 Loe .981 
55 . 967 .978 2982 
69 -979 . 3980 ~983 
65 972 -381 798% 
70 7974 - 382 2985 
75 975 2383 - 986 
80 2975 384 ~987 
85 977 7985 7987 
90 973 385 . 988 
95 - 579 986 ~989 
100 931 .387 .989 
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